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PREFACE 


This book presents new research on cognitive science which is most simply 
defined as the scientific study either of mind or of intelligence. It is an 
interdisciplinary study drawing from relevant fields including psychology, 
philosophy, neuroscience, linguistics, anthropology, computer science, biology, 
and physics. There are several approaches to the study of cognitive science. These 
approaches may be classified broadly as symbolic, connectionist, and dynamic 
systems. Symbolic holds that cognition can be explained using operations on 
symbols, by means of explicit computational theories and models of mental (but 
not brain) processes analogous to the workings of a digital computer. 
Connectionist (subsymbolic) holds that cognition can only be modeled and 
explained by using artificial neural networks on the level of physical brain 
properties. Hybrid systems hold that cognition is best modeled using both 
connectionist and symbolic models, and possibly other computational techniques. 
Dynamic Systems hold that cognition can be explained by means of a continuous 
dynamical system in which all the elements are interrelated, like the Watt 
Governor. 

The essential questions of cognitive science seem to be: What is intelligence? 
and How is it possible to model it computationally? 

Chapter 1 - Alzheimer's disease (AD) is the most common neurodegenerative 
disorder, characterized by synaptic loss, and the combined occurrence of 
neurofibrillary tangles and amyloid plaques in the brain. While neurofibrillary 
tangles are intraneuronal aggregates of the microtubuli-associated protein tau, 
amyloid plaques are extracellular deposits containing the amyloid peptide (A). A 
derives from the amyloid precursor protein (APP) by sequential proteolytic 
cleavage by and y-secretase. Secretase has been identified as the aspartic protease 
BACEI that cleaves APP at the N-terminus of the À domain generating a 
membrane-bound C-terminal fragment (CTF). CTEF serves as a substrate for y- 
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secretase that mediates cleavage within the transmembrane domain resulting in 
the release of A. Because BACEI initiates À generation, it represents a potential 
target molecule to decrease A production in therapeutic strategies for AD. 

BACEI is a type I membrane protein that is transported in vesicular 
compartments of the secretory and endocytic pathway. Consistent with the acidic 
pH optimum of BACEI, the secretory processing of APP occurs predominantly in 
compartments of the endocytic pathway. The small cytoplasmic domain of 
BACE! is critical in the regulation of its subcellular transport and undergoes post- 
translational modifications by palmitoylation and phosphorylation. Moreover, the 
cytoplasmic domain interacts with proteins of the GGA family and the copper 
chaperone for superoxide dismutase-1. Here, the authors review the molecular 
mechanisms involved in the regulation of the subcellular trafficking and activity 
of BACEÏ, and discuss the potential involvement in the pathogenesis of AD. 

Chapter 2 - The neuronal isoform of vesicular monoamine transporter, 
VMAT2, is responsible for packaging dopamine, norepinephrine, and serotonin 
into synaptic vesicles and thereby plays an essential role in monoamine 
neurotransmission. This sequestering action is important for normal synaptic 
release of monoamines but it may also act to keep intracellular levels of the 
monoamine transmitters below potentially toxic levels. During embryonic and 
postnatal development, VMAT2 is expressed in many non-aminergic neurons in 
the brain, long before synapses are formed, suggesting that it could have non- 
synaptic roles. Here, the authors review recent evidences indicating a role for 
VMAT2 in the control of developmental cell death in the cerebral cortex and in 
models of Parkinson related disorders. Abnormalities in VMAT2 functions have 
been suggested to play a key role in the etiology of a number of disorders, 
including Parkinson's disease and addiction. 

Chapter 3 - The thesis of this review is that the earliest cognitive symptoms in 
dementia represent the exhaustion of compensatory mechanisms in the brain 
which counteract underlying Alzheimer's disease (AD), vascular, Lewy body, and 
other neuropathology. These pathologies may accumulate gradually over years 
and perhaps enter a phase of acceleration as compensatory resources are 
outstripped. Evidence for this model of a prolonged presymptomatic period in AD 
has come from recent imaging, neuropathologic, and basic science studies. These 
studies and the potential consequences for diagnosis and treatment are presented. 
The conclusion is that using onset symptoms as the signal to begin disease- 
modifying treatment for AD is too late; this treatment must begin earlier, before 
symptoms begin, to preserve brain function. Therefore presymptomatic detection 
is a critical research goal in AD. 
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Chapter 4 - This article reviews research on human brain, cognition, 
language, behavior, and evolution to posit the value of operating with a stable 
reference point based on cognitive accuracy and a rational bias. Drawing on 
rational emotive, cognitive behavioral and cognitive neuroscience on the one hand 
and a general brain model of frontal lobe executive function and working memory 
on the other, along with proposed language mediation of cognitive processes, this 
review yields potential implications for maximizing brain functioning of Homo 
sapiens. Cognitive thought processes depend on the operations and interactions of 
specific brain structures and networks, functioning more effectively under 
conditions of cognitive accuracy (including accurate information, thought process 
accuracy, and event-level accuracy). However, typical cognitive processes appear 
to promote the adoption and use of subjective cultural beliefs, mediated by 
language and grammatical habits mostly learned during early development. In 
turn, these grammatical habits tend to bias humans toward cognitive inaccuracies. 
On the other hand, a process that applies informed frontal lobe executive 
functioning to the mediation of cognition, emotion, and behavior may help to 
minimize the negative effects of indiscriminately applied cultural belief systems, 
provide a naturalistic framework for future research and ultimately enhance 
cognitive accuracy as a reference point for evaluating humans while offering 
improved relative environmental homeostasis. 
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Chapter 1 


SUBCELLULAR TRAFFICKING OF BACE1: 
MOLECULAR MECHANISMS IN THE CONTROL 
OF B-AMYLOID GENERATION 


Tina Wahle and Jochen Walter: 


Department of Neurology, University of Bonn, Sigmund-Freud-Str. 25, 53127 
Bonn, Germany 


ABSTRACT 


Alzheimer's disease (AD) is the most common neurodegenerative 
disorder, characterized by synaptic loss, and the combined occurrence of 
neurofibrillary tangles and amyloid plaques in the brain. While 
neurofibrillary tangles are intraneuronal aggregates of the microtubuli- 
associated protein tau, amyloid plaques are extracellular deposits containing 
the amyloid peptide (A). A derives from the amyloid precursor protein (APP) 
by sequential proteolytic cleavage by and Yy-secretase. Secretase has been 
identified as the aspartic protease BACEI that cleaves APP at the N-terminus 
of the A domain generating a membrane-bound C-terminal fragment (CTF). 
CTF serves as a substrate for y-secretase that mediates cleavage within the 
transmembrane domain resulting in the release of A. Because BACEI 
initiates À generation, it represents a potential target molecule to decrease A 
production in therapeutic strategies for AD. 
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14387; Email: Jochen. Walter @ukb.uni-bonn.de 
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BACEI is a type 1 membrane protein that is transported in vesicular 
compartments of the secretory and endocytic pathway. Consistent with the 
acidic pH optimum of BACE!, the secretory processing of APP occurs 
predominantly in compartments of the endocytic pathway. The small 
cytoplasmic domain of BACE! is critical in the regulation of its subcellular 
transport and undergoes post-translational modifications by palmitoylation 
and phosphorylation. Moreover, the cytoplasmic domain interacts with 
proteins of the GGA family and the copper chaperone for superoxide 
dismutase-1. Here, we review the molecular mechanisms involved in the 
regulation of the subcellular trafficking and activity of BACEI, and discuss 
the potential involvement in the pathogenesis of AD. 


INTRODUCTION 


Alzheimer’s disease (AD) is neuropathologically characterized by the 
occurrence of neurofibrillary tangles and B-amyloid plaques in the brain [Selkoe, 
2001]. Major components of plaques are amyloid B-peptides (AB) that derive 
from the B-amyloid precursor protein (APP) by endoproteolytic processing 
involving sequential cleavages by fB- and y-secretase [Selkoe, 2001; Annaert et al. 
2002; Walter et al., 2001]. The initial cleavage of APP by B-secretase generates a 
membrane-bound C-terminal fragment that contains the AB domain (CTFB). This 
fragment represents a substrate for y-secretase, which mediates the apparently 
intramembraneous cleavage of APP resulting in the liberation of Af$. In an 
alternative pathway, APP can be cleaved by a-secretase within the AB domain 
thereby precluding the generation of AP [Selkoe, 2001; Annaert et al., 2002; 
Walter et al., 2001]. 

The proteolytic processing of APP by a-, B- and Yy-secretases occurs 
predominantly in post-Golgi secretory and endocytic compartments, and at the 
cell surface [Annaert et al., 2002; Walter et al., 2001; Steiner et al., 2000]. The 
generation of Af is not only determined by the relative expression levels of APP 
and secretases, but also by their subcellular localization. APP as well as the 
secretases are integral membrane proteins and are transported in the secretory 
pathway from the endoplasmic reticulum (ER) to the cell surface, from where 
they can be internalized into endosomal/lysosomal compartments [Koo et al. 
1996; Yamazaki et al., 1996, Walter et al., 1996; Walter et al., 2001; Annaert et 
al., 1999]. Thus, enzyme-substrate interactions could potentially occur in distinct 
subcellular compartments. By cell biological and biochemical experiments it was 
demonstrated that f-secretase cleaves wild-type APP predominantly in 
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endosomal/lysosomal compartments after its re-internalization from the cell 
surface [Perez et al., 1996; Lo et al., 1994; Haass et al., 1995]. Notably, the 
Swedish double mutation in APP that is located directly at the cleavage site for B- 
secretase and causes early onset AD, significantly increases the production of Af 
by enhancing the cleavage efficiency by BACE! in the secretory pathway [Citron 
et al., 1992; Haass et al., 1995; Thinakaran et al., 1996]. 


PHYSIOLOGICAL AND PATHOPHYSIOLOGICAL 
FUNCTIONS OF THE f-SECRETASE BACE1 


B-secretase was identified as the aspartic protease BACETI (beta site APP 
cleaving enzyme) also called Asp-2 (aspartic protease-2) or Memapsin-2 
(membrane-associated aspartic protease-2) [Vassar et al., 1999; Sinha et al., 1999; 
Hussain et al., 1999; Yan et al., 1999]. BACEI together with its close homolog 
BACEZ2 form a subfamily of transmembrane aspartic proteases related to the 
pepsin family [Bennet et al., 2000]. While the BACEI gene is localized on 
chromosome 11, that of BACE2 is localized on chromosome 21 within the critical 
Down’s syndrome region [Saunders et al., 1999]. However, whether BACE2 
contributes to the pathogenesis of Down’s syndrome or AD remains unclear. 

Both enzymes contain the two characteristic D(T/S)G(T/S) motifs of aspartyl 
proteases, which form their catalytic site [Vassar et al., 2001; Walter et al., 2001]. 
In contrast to all other aspartyl proteases of the pepsin family, BACEI and 
BACE2 are type I transmembrane proteins with a large lumenal domain, a single 
transmembrane domain and a small cytoplasmic tail (Fig. 1). Although, both 
proteases share homology of - 75%, strong evidence supports a predominant role 
of BACE in the generation of Af. 


(1) The expression of BACEI mRNA in neurons which predominantly 
produce AB in the brain, is much higher than that of BACEZ2 [Sinha et al. 
1999; Vassar et al., 1999; Bennett et al., 2000]. 

(2) AB production is almost completely inhibited in mice lacking BACEI 
[Luo et al., 2001; Cai et al., 2001]. 

(3) Antisense inhibition of BACEI, but not of BACE2, results in decreased 
B-secretase cleavage of APP [Vassar et al., 1999; Yan et al.; 19991]. 

(4) BACEI cleaves at the f-secretase site(s) of APP much more efficiently 
than BACE2 [Sinha et al., 1999; Vassar et al., 1999; Yan et al.; 1999; 
Farzan et al., 2000]. 
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Moreover, elevated BACEI protein levels and enzymatic activities have been 
reported in the brains of AD patients [Holsinger et al., 2002; Yang et al., 2003]. 
However, BACE2 could also cleave APP at the f-secretase site [Farzan et al., 
2000; Fluhrer et al., 2002]. Also, glial cells of BACEI KO mice, but not of 
BACETL/BACE2 double KO mice could still produce AB, indicating that BACE2 
could contribute to AB generation [Dominguez et al., 2005]. 


Membrane 


SP Pr DTGS DSGT 
BACE1N: x x c' 





48CQWRCLRCLRQGQHDDFADDISLLKS01 


. 
GGA1 CVS CAT ii TOAE TT] 


Figure 1: Schematic of BACE1. Models of BACEI and GGAI. The aspartyl protease 
active site motifs (DTGS, DSGT) in the lumenal/extracellular domain of BACE!I is 
indicated. The amino acid sequence of the cytoplasmic domain of BACE is given in 
single letter code. The interaction motif of the BACEI cytoplasmatic domain for GGAI is 
in blue, the phosphorylation site of BACEI (S 498) is in red. The functional domains of 
GGAL are indicated. GGAI interacts with the cytoplasmic domain of BACEI via the VHS 
domain (arrow; see text for details). 


Besides APP, additional candidate BACEI substrates were identified, 
including the sialyltransferase ST6Gal I [Kitazume et al, 2001], the adhesion 
protein P-selectin glycoprotein ligand-1(PSGL-1) [Lichtenthaler et al, 2003], B- 
subunits of voltage gated sodium channels (Wong et al., 2005), APP-like proteins 
(APLPSs) [Lie et al., 2003], low density lipoprotein-receptor-related protein (LRP) 
[von Arnim et al, 2005] and the interleukin-1 receptor II (IL-1R2) [Kuhn et al. 
2007]. Notably, BACEI can also cleave Af at position 34, leading to decreased 
levels of AB40 in conditioned media of cultured cells [Fluhrer et al., 2003; Shi et 
al., 2003]. In line with these findings, transgenic mice with high overexpression of 
BACEI showed reduced plaque load in the brain, indicating an Af degrading 
activity of BACEI [Lee et al., 2005]. However, the biological relevance of these 
findings remain unclear. 

Initial studies with BACE1 KO mice did not reveal an overt phenotype (Luo 
et al., 2001; Roberds et al, 2001). However, other BACEI KO mouse models 
showed increased lethality after birth and subtle electrophysiological and 
behavioral alterations [Domiguez et al., 2005; Laird et al., 2005]. Recently, it has 
been shown that BACEI is selectively expressed at high levels in postnatal days 
0-17 correlating with the myelination period of peripheral neurons [Willem et al., 
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2006]. The analysis of BACEI KO mice revealed hypomyelination and axonal 
bundling abnormalities, associated with accumulation of type IIT neuregulin-1. 
Alterations in myelin associated proteins and accumulation of neuregulin-1 were 
also observed in cortical and hippocampal neurons, indicating that BACEI is also 
involved in myelination of nerve cells in the central nervous system [Hu et al. 
2006]. In line with this, the activity of BACEI has been shown to be negatively 
regulated by NOGO), that also associates with myelin (He et al., 2004). It has also 
been shown that, despite decreased AB levels, high overexpression of BACEI 
induced overt axonal degeneration associated with thinning of the myelin sheets 
of CNS neurons [Rockenstein et al., 2005]. Together, these data indicate that 
BACEI could play important roles in neuronal function, independent of APP 
processing and AB generation. 


THE SUBCELLULAR TRANSPORT OF BACE1 


In peripheral cells, BACEI is mainly localized in endosomal, lysosomal and 
TGN compartements [Vassar et al., 1999; Sinha et al., 1999; Hussain et al., 1999; 
Yan et al., 1999]. The characterization of the subcellular transport of BACEI 
revealed that the secretase is transported in the secretory pathway from the ER to 
the Golgi compartment. After translocation into the ER, the lumenal domain of 
BACEI is N-glycosylated at four asparagine residues and three intramolecular 
disulfide bonds are formed [Haniu et al., 2000]. Mutagenesis experiments 
revealed a critical role of disulfide bond formation for the catalytic activity of 
BACET [Haniu et al., 2000]. Shortly after the release of BACETI from the ER and 
during further transport through the Golgi, its N-terminal prodomain is 
endoproteolytically removed by furin and/or a furin-like protease to generate the 
mature enzyme [Capell et al., 2000; Bennet et al., 2001; Benjannett et al., 2001; 
Creemers et al., 2000]. The prodomain does not strongly inhibit enzyme activity, 
as one might expect for a typical zymogen, but rather plays a role in folding and 
forward transport of BACEI through the secretory pathway [Benjannett et al. 
2001; Shi et al., 2001]. In the Golgi compartment, BACEI also undergoes 
complex modification of the N-linked glycostructures [Capell et al., 2000]. After 
complete maturation, the enzyme is further transported from the TGN to the cell 
surface from where it can be re-internalized into early endosomal compartments 
[Walter et al., 2001; Huse et al., 2000]. From early endosomes, BACEI can either 
recycle to the cell surface, be transported to later endosomal compartments or 
retrieved to the TGN [Walter et al., 2001; Huse et al., 2000]. In addition, BACEI 
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could be directed into the lysosomal pathway as well as in the ubiquitin- 
proteasom system for degradation [Quing et al., 2004; Koh et al., 20051]. 

In polarized Madin-Darby canine kidney (MDCK) cells, the majority of 
BACE! is sorted to the apical surface while APP undergoes basolateral sorting. 
However, a significant fraction of BACEI is sorted basolaterally where it 
competes With basolaterally sorted a-secretase for cleavage of APP. Thus, AB 
production in polarized cells is determined by the differential targeting of BACEI 
and its substrate APP [Capell et al., 20021]. 

Studies with rat hippocampal neurons revealed that BACEI is targeted to 
axons and somato-dendritic compartments as well as presynaptic terminals 
[Capell et al., 20001]. It was proposed that BACET is axonally transported together 
with its substrate APP and y-secretase in the same vesicles which would allow AB 
generation in these transport compartments [Kamal et al., 2000]. However, life 
cell imaging of primary neurons showed that APP and BACE carrier vesicles 
have distinct characteristics in the axonal transport, indicating that the two 
proteins could be transported in different types of vesicles [Goldsbury et al. 
2006]. These data are corroborated by studies with sciatic nerves of mice showing 
that PS1 and BACEI are transported separately from APP [Lazarov et al., 20051. 
It will therefore be interesting to further characterize the subcellular sites of 
BACEI dependent processing of APP and Af generation in neuronal cells in 
more detail. 


THE ROLE OF THE CYTOPLASMATIC DOMAIN OF 
BACEIU IN ITS SUBCELLULAR TRAFFICKING 


The cytoplasmic domain of BACEI contains several amino acid based 
trafficking signals (Fig. 1). À dileucine motif has been shown to regulate 
endocytosis and recycling of BACEI to the plasma membrane, and deletion of 
this motif increased the levels of BACE!I at the cell surface [Huse et al., 2000]. In 
addition, a phosphorylation site for casein kinase 1 at Ser498 has been identified 
that regulates the retrograde trafficking of BACEI between endosomal 
compartments and the TGN (Fig. 1; [Walter et al., 2001; Pastorino et al., 2002]). 
While phosphorylated BACEI ïs efficiently retrieved from endosomal 
compartments to the TGN, a mutant that can not be phosphorylated accumulated 
in endosomal compartments. 

BACEI can also undergo palmitoylation at three cystein residues within the 
cytosolic tail. Although the exact role of BACEI palmitoylation remains to be 
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elucidated, this modification could affect its transport and/or distribution in 
detergent resistant membrane microdomains (DRMSs) [Benjannett et al., 2001]. 
DRMSs might function in the trafficking of proteins in the secretory and endocytic 
pathways in epithelial cells and neurons, and participate in a number of important 
biologic functions [Simons et al., 2000]. Interestingly, BACEI was shown to 
associate with DRMs where it could preferentially process APP [Ehehalt et al, 
2003]. In addition, artificial GPI-anchoring of BACEI increased the DRM 
association and increased f-secretory processing of APP [Cordy et al., 2003]. 

The cytoplasmic domain of BACEI can also interact with the copper 
chaperone for copper-zinc superoxide dismutase 1 (CCS) which is involved in 
post-transcriptional SOD1 activation by delivering Cu” to the enzyme [Angeletti 
et al., 2005]. The CCS and SODI heterodimer becomes linked via a disulfide 
bond, which is thought to be a prerequisite for SODI1 activation by Cu” and Zn°* 
[Wong et al., 2000]. SODI acts as an anti-oxidant enzyme by lowering the steady- 
state concentration of superoxide, and mutations are associated with familial 
amyotrophic lateral sclerosis [Valentine et al., 2003; Angeletti et al., 2005]. It has 
been suggested that BACEI competes with SOD-1 for binding to CCS, but a 
physiological relevance of this interactions remains to be determined. The 
recently identified RNA aptamer that selectively blocks the binding of CCS by 
competition with the CCS binding site of the cytoplasmic domain of BACEI 
might help to clarify the role of this interaction in cellular models [Rentmeister et 
al., 2006]. 

In addition to the interaction with other proteins, BACETI can also undergo 
homodimerization in cultured cells and human brain tissue [Schmechel et al. 
2004; Westmeyer et al, 2004]. The dimerization is mediated by the 
transmembrane and the cytoplasmic domains and increases BACETI activity in 
cleavage of APP [Schmechel et al., 2004; Westmeyer et al., 2004]. 

The cytoplasmic domain of BACEI also contains a characteristic DXXLL 
motif for the interaction with Golgi-localized gamma ear containing (ADP) 
ribosylation factor binding (GGA) proteins (Fig. 1), that mediate sorting of 
specific cargo proteins, like the mannose-6-phosphate receptors, from the TGN to 
endosomal/lysosomal compartments [Bonifacino et al., 2004; Robinson et al, 
2004]. Several groups demonstrated that GGAs also directly interact with BACEI 
[He et al., 2002; von Arnim et al., 2004; He et al., 2005; Wahle et al., 2005]. 
Consistent with the lack of a DXXLL motif, BACE2 did not bind to GGA 
proteins [He et al., 2002; Wahle et al., 2005]. Notably, the interaction of GGA 
proteins with BACE is strongly increased by phosphorylation of serine residue 
498 within the DISLL motif of the BACEI cytoplasmic domain. Thus, GGAs 
could regulate the phosphorylation-state dependent subcellular transport of 
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BACEI. By using dominant-negative variants and RNAi mediated 
downregulation of GGAs, an involvement of these adaptor proteins in the 
endodcytic trafficking of BACEI has been established [He et al., 2005; Wahle et 
al., 2005]. Specifically, GAAI appears to mediate the phosphorylation dependent 
retrograde transport of BACE1 from endosomal compartments to the TGN, while 
non-phosphorylated BACEI could enter a direct recycling route to the cell surface 
[Wahle et al., 2005]. 


How COULD GGA 1 DEPENDENT TRAFFICKING 
OF BACEI INFLUENCE Af GENERATION ? 


Several studies indicated that the secretion of APPs and A was not affected 
by GGA proteins in cells overexpressing BACEI1 [He et al., 2005; von Arnim et 
al, 2004, Wahle et al., 2005]. This might be partly attributable to aberrant 
cleavage of APP by overexpressed BACEI. Indeed, it has been shown that 
overexpression of BACEI strongly increases B-secretory cleavage of APP already 
in early secretory compartments [Capell et al., 2000; Liu et al., 2002; Lee et al., 
2005], whereas under physiological expression levels, B-secretase cleavage of 
wild-type APP has been localized predominantly to endosomal/lysosomal 
compartments [Koo et al., 1994; Haass et al., 1995; Thinakaran et al., 1996]. High 
overexpression of BACEI also decreases Af levels in cell culture and transgenic 
mice by additional cleavages within AB [Fluhrer et al., 2002, 2003; Liu et al, 
2002; Lee et al., 2005]. Thus, overexpression of BACEI and aberrant cleavage of 
APP might have masked GGA-dependent effects on AG generation in post-Golgi 
secretory and endocytic compartments. 

Indeed, functional analyses of cultured cells with endogenous BACEI 
expression demonstrated that GGAI is implicated in the proteolytic processing of 
APP. Over-expression of GGAI reduced cleavage of APP by BACEI as indicated 
by a decrease in CTFB generation. Notably, GGAI expression also reduced the 
secretion of AB while depletion of GGAI by siRNA increased the generation of 
AB (Fig. 2; [Wahle et al. 2006; von Arnim et al., 2006]). Since GGAI did not 
directly bind to APP, these data indicate that changes in the subcellular trafficking 
of BACEI or other GGAl-dependent proteins contribute to changes in APP 
processing and Af generation [Wahle et al., 2006]. Interestingly, expression of 
GGAI also decreased the y-secretase cleavage of APP, suggesting that GGAs may 
affect proteolytic processing of APP at distinct steps [von Arnim et al., 20061]. 
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GGAs were initially identified to mediate forward transport of cargo proteins 
from the TGN to endosomal/lysosomal compartments [Bonifacino et al., 20041]. 
Whether BACEI is also transported on this route remains to be determined. 
However, GGA proteins are also involved in the retrograde transport of BACEI 
from endosomes to the TGN [Wahle et al., 2005]. Since BACEI can cleave APP 
in both compartments to initiate Af generation, the GGA dependent transport 
between the TGN and endosomes could likely regulate the amyloidogenic 
processing of APP by affecting the relative contribution of a- and f-secretory 
processing of APP (Fig. 2). 

GGA proteins could also affect the proteolytic processing of APP 
independent of a direct interaction with BACEI. It was demonstrated that 
LR11/SorLA interacts with APP and affects its subcellular localization and 
proteolytic processing [Andersen et al., 2006; Offe et al., 2006; Spoelgen et al., 
2006]. Because LR11/SorLA also represents cargo for GGA proteins [Jacobsen et 
al., 20021, it is plausible that trafficking and metabolism of APP could be affected 
when LR11/SorLA is complexed with GGA proteins. In addition, GGA proteins 
are adaptor proteins that, beside cargo protein binding, also interact with the small 
GTPase ARE, clathrin, and additional proteins involved in vesicle assembly and 
targeting [Bonifacino, 2004]. Therefore, expression of GGAI variants might also 
impair vesicular transport by interfering with ARF- or clathrin-dependent 
mechanisms that could also alter APP processing. Moreover, GGAs could affect 
APP metabolism indirectly by regulating the transport of other proteins. Because 
GGAs mediate forward trafficking of the M6PR from the TGN to endosomal 
compartments |Puertollano et al., 2001], and expression of this receptor has also 
been shown to affect AB generation [Mathews et al., 2002], the GGA dependent 
changes in M6PR trafficking could also contribute to the observed changes in 
APP processing. 


CONCLUSIONS 


In the human brain, GGAI is preferentially expressed in neurons. Notably, 
total expression of GGAL is significantly decreased in AD brain [Wahle et al. 
2006]. The reasons for reduced GGAI expression in these individuals remain to 
be determined, but the described findings strongly suggest that low levels of the 
adaptor protein may contribute to increased AB production which could accelerate 
formation of senile plaques in sporadic AD. Thus, altered GGAI expression and 
activity may be a risk factor for sporadic AD. 
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Figure 2: Model for the role of GGAI in APP processing. Hypothetic model for the role of 
GGAI in the subcellular trafficking of BACEI and processing of APP in cells with higher 
(A) or lower (B) expression of GGA1. BACEI and APP share similar transport routes 
Within the secretory pathway to the cell surface (1), and both proteins could be 
endocytosed from the cell surface into endosomal compartments (2). GGAI is involved in 
the retrograde transport from endosomal compartments to the TGN (3), and could thereby 
reduce the amount of BACE! in these compartments. Consistent with this model, 
overexpression of GGAI in cultured cells reduced processing of APP to Af. In addition, 
GGAI might also facilitate the direct transport of BACEI from the TGN to endosomal 
compartments. Decreased expression of GGAI by RNAï led to elevated secretion of Af 
probably by increasing the amount of BACEI in endosomal compartments. Additional 
GGA-dependent mechanisms, e.s., interaction with LR11/SorLA or M6P receptor (?), 
could also affect trafficking the proteolytic processing of APP (see text for details). 
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Recently, LR11/SorLA that is also involved in the subcellular transport of 
APP turned out to be a risk factor for sporadic AD [Andersen et al., 2005; 
Rogaeva et al, 2007]. Overexpression of LR11/SorLA in neurons caused 
decreased generation of AB, whereas ablation of LR11/SorLA expression in 
knockout mice resulted in increased levels of AB in the brain, similar to the 
situation in AD patients [ Andersen et al., 2005]. These data suggest that inherited 
or acquired changes in LR11/SorLA expression or function are involved in the 
pathogenesis of AD [Rogaeva et al., 2007]. Altered trafficking of APP or its 
proteases has already been shown to be an important risk factor for sporadic AD 
and therefore may represent an effective therapeutic approach. It will therefore be 
interesting to further investigate the potential of GGA proteins and other factors 
involved in the subcellular trafficking of APP and secretases as targets for 
therapeutic intervention in AD. 
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ABSTRACT 


The neuronal isoform of vesicular monoamine transporter, VMAT?, is 
responsible for packaging dopamine, norepinephrine, and serotonin into 
synaptic vesicles and thereby plays an essential role in monoamine 
neurotransmission. This sequestering action is important for normal synaptic 
release of monoamines but it may also act to keep intracellular levels of the 
monoamine transmitters below potentially toxic levels. During embryonic 
and postnatal development, VMAT2 is expressed in many non-aminergic 
neurons in the brain, long before synapses are formed, suggesting that it 
could have non-synaptic roles. Here, we review recent evidences indicating a 
role for VMAT2 in the control of developmental cell death in the cerebral 
cortex and in models of Parkinson related disorders. Abnormalities in 
VMAT2 functions have been suggested to play a key role in the etiology of a 
number of disorders, including Parkinson's disease and addiction. 
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INTRODUCTION 


Vesicular neurotransmitter transporters are essential components of secretory 
vesicle, which are responsible for storage and regulated secretion of 
neurotransmitters in neurons and neuroendocrine cells. The nature of the vesicular 
transporters expressed by a given cell dictates what kind, and how much 
neurotransmitter is released during synaptic transmission (Eiden, 2000). Vesicular 
transporters are members of the toxin-extruding proton-translocating antiporter 
family. As such, another possibly important function of these transporters is to 
protect the cells from accumulating potentially toxic levels of transmitters 
intracellularly. 

The vesicular monoamine transporters (VMAT) are responsible for the 
translocation of biogenic monoamines (serotonin, dopamine, norepinephrine, and 
histamine) from the cytoplasm into synaptic vesicles via a proton electrochemical 
gradient generated by the vacuolar type H+-adenosine triphosphate. Two 
vesicular monoamine transporters have been identified by expression, cloning, 
and pharmacology (Erickson et al., 1992; Liu et al., 1992; Erickson and Eïiden, 
1993). VMATI and VMAT2 arise from two separate genes, yet have extensive 
homology. 

Only VMAT1 is expressed in serotonin-accumulating enterochromaffin cells, 
whereas only VMAT2 is found in enterochromaffin-like histaminocytes of the 
stomach (Eiden, 2000). Differences in the substrate recognition and inhibitor 
sensitivities between VMATI and VMAT2 have been studied, using membrane 
vesicles prepared from stable transformed cell lines from Chinese hamster ovaries 
(CHO) that express the respective proteins (Peter et al, 1994). The major 
difference between the two transporters is that VMAT2 efficiently transports 
histamine and VMATI does not. VMATI may have evolved during the 
evolutionary emergence of histamine as a secreted effector molecule, restricting 
the storage of histamine in enterochromaffin cells of the lower gut (Hoffman et 
al., 1998). 

Both VMATI and VMAT2 are more widely expressed in the brain during 
embryonic and early postnatal development . 
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VMAT2 VERSUS MONOAMINE OXIDASE 


Oxidative deamination of monoamines by monoamine oxidase type A 
(MAOA) and type B (MAOB) is accompanied by the reduction of molecular 
oxygen to a toxic product, hydrogen peroxide (Shih et al., 1999). Therefore, 
maintenance of low cytoplasmic concentrations of neurotransmitters by their 
reuptake into synaptic vesicles is important to minimize their inherent toxicity. 
Furthermore, storage of neurotransmitters in synaptic vesicles precludes their 
metabolism in the cytoplasmic compartment and reduces the synthetic demands 
on the cell. In the central nervous system, VMAT2 is the only transporter that 
moves cytoplasmic monoamines into synaptic vesicles for storage and subsequent 
exocytotic release. MAOA has higher affinity for the substrates serotonin (5-HT), 
norepinephrine (NE), dopamine (DA), histamine (HA), and the inhibitor 
clorgyline, whereas MAO B has higher affinity for phenylethylamine (PEA), 
benzylamine, and the inhibitor deprenyl. 

MAOA and MAOB display non-overlapping patterns of mRNA and protein 
expression. MAOA is abundantly expressed in noradrenergic, and dopaminergic 
neurons and restricted neuronal populations. Conversely, MAOB expression is 
highly expressed in serotoninergic and histaminergic neurons, as well as in 
astrocytes (Vitalis et al., 2002). 


DEVELOPMENTAL EXPRESSION OF VMAT2 


In all the norepinephrine-, epinephrine-, serotonin-, dopamine-, and 
histamine-containing cell groups, VMAT?2 is expressed one day after embryonic 
differentiation; 1.e., E13-E14 for serotoninergic neurons of the rat dorsal raphe 
(Hansson et al., 1998a,b). In addition, VMAT2 is expressed in selective non- 
monoaminergic neuronal populations during embryonic and postnatal 
development. These neurons are not enzymatically equipped to produce amines 
and instead appear to have a glutamatergic phenotype. VMAT2 is expressed 
during a defined period in each neuronal population. For instance, the 
glutamatergic neurons of the sensory thalamus express VMAT2 from ElS to P15, 
whereas in the cerebral cortex, VMAT2 is expressed from E18 to P5 (Hansson et 
al., 1998a,b, Lebrand et al., 1998). In most neuronal populations, VMAT2 is co- 
expressed with the plasma membrane serotonin transporter (Lebrand et al., 1998), 
suggesting that it is capable of handling serotonin. Curiously, a few populations 
expressing VMAT2 do not display other known monoaminergic markers. 
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However, all the VMAT2-expressing neurons are capable of accumulating 
serotonin, under the conditions where the extracellular levels of this amine are 
raised (Cases et al., 1998). 


MICE LACKING VMAT2 


Genetic models, such as those afforded by the VMAT2 deficient mice (Fon et 
al., 1997; Takahashi et al., 1997; Wang et al., 1997) allow the re-evaluation of the 
effects of VMAT2 depletion without the inherent limitations of pharmacological 
treatments. Homozygous VMAT2 KO mice are severely atrophic and most pups 
die by P4 (Fon et al., 1997; Takahashi et al., 1997; Wang et al., 1997). VMAT2 
KO pups are born in the expected Mendelian ratio and their gross brain 
morphology appears normal. In addition, monoamine cell groups in the brainstem 
and their projections have a normal appearance. In particular, DA islands and the 
patch-matrix system appear unaffected by the elimination of VMAT2, suggesting 
that monoamine release does not have a role in the formation of these connections 
(Fon et al., 1997). Nonetheless, VMAT2 KO pups move little and feed poorly 
compared to their wild-type and heterozygous littermates, accounting for their 
growth failure and early postnatal mortality. Consistent with the role for VMATY, 
DA neurons cultured from the VMAT2 KO as well as striatal slices prepared from 
these animals show no depolarization-evoked DA release (Fon et al., 1997; Wang 
et al., 1997). However, amphetamine still induces DA release from VMAT2 KO 
neurons, indicating that VMAT2 is not required for the action of the 
psychostimulant, at least under these circumstances where cytoplasmic DA may 
already be elevated. Indeed, administration of amphetamine to VMAT2 KO 
increases movements, such as walking and feeding, and enables the animals to 
survive for several weeks (Fon et al., 1997). Thus, precisely regulated exocytotic 
release of monoamines does not seem to be required for several complex 
behaviours. 

Disruption of the VMAT?2 gene results in dramatically reduced brain levels of 
DA, NE, and 5-HT (Fon et al., 1997; Wang et al., 1997). This could be a 
consequence of reduced monoamine synthesis or increased degradation. However, 
disruption of VMAT2 does not alter the expression level of the rate-limiting 
catecholamine biosynthetic enzyme tyrosine hydroxylase and TH activity appears 
to be upregulated (Wang et al., 1997). Furthermore, monoamine metabolites are 
not reduced in the VMAT2 KO mice (Alvarez et al., 2002). AII these observations 
suggest that VMAT2 ablation causes an increase in monoamine catabolism rather 
that a decrease in synthesis. Interestingly, an administration of the MAOA 
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inhibitor clorgyline increases 5-HT levels, supporting this interpretation. 
However, clorgyline has no effect on DA levels, indicating that additional 
mechanisms act to control the level of this neurotransmitter (Fon et al., 1997). In 
VMAT2-MAOA DKO mouse, pups are severely hypomorphic in comparison to 
the wild-type or MAOA KO mice but they survive until P13 (Alvarez et al. 
2002). 


VMAT2 AND PROGRAMMED CELL 
DEATH IN THE CEREBRAL CORTEX 


The development of the cerebral cortex is a sequential process that includes 
programmed cell death (PCD). Approximately half of the neurons produced 
during corticogenesis are thought to die (Ferrer et al., 1992; Blaschke et al., 1996). 
Two consecutive waves of PCD affect the cortical neurons at different periods of 
their development. The first wave consists of cell death of the proliferating 
precursors in the ventricular and subventricular zones, which appears to be closely 
linked to cell cycle regulation (Thomaïdou et al., 1997). The second wave affects 
postmitotic neurons at later stages and may be involved in matching the size of 
neuronal populations to that of their targets during the formation and the 
maintenance of synapses (Ferrer et al., 1992). At both periods, cell death is 
apoptotic and the molecular machinery relies on the mitochondrial pathways of 
intracellular signal transduction (Dikranian et al., 2001). 

Using this model, we found a significant increase of cell death in the 
supragranular layers of the cingulate and retrosplenial areas (Skankovski et al., 
2007). This effect is regionally specific since some regions such as the primary 
somatosensory cortex show no changes (Alvarez et al., 2002), whereas other 
regions, such as the hippocampus or striatum, display an increase in cell death 
(unpublished). Electron microscopic analysis and TUNEL staining confirmed that 
this was related to an increase in apoptosis. Additional characterization indicated 
an increase in caspase-9-, and caspase-3-immunoreactive profiles, suggesting that 
the increase in cell death observed in the cortex of VMAT2 KO mice is 
attributable to an increase of apoptotic caspase-dependent mechanism. We also 
observed a specific decrease in the mRNA levels of the anti-apoptotic factor Bcl- 
XL, whereas mRNA levels of the proapoptotic factor Bax remained unchanged. 
This suggests that the decrease of the Bcl-XL/Bax mRNA ratio is probably the 
main phenomenon at play in the increased cell death in VMAT2 KO cerebral 
cortex (Stankovski et al., 2007). However, the precise mechanisms by which the 
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depletion of VMAT2 leads to this change in gene expression and to exaggerated 
cell death remain elusive at the moment. 

In synaptic vesicles, monoamines are protected from degradation by MAO 
activity. MAOA ïs the major form expressed in specific neuronal populations, 
such as the serotonergic neurons during early postnatal life (Vitalis et al., 2002). 
Thus, invalidating MAOA in a VMAT2 KO genetic background should maïntain 
a pool of cytoplasmic 5-HT by preventing its degradation. Indeed, high serotonin 
levels were detected in the brain of VMAT2-MAOA DKO mice, whereas 
dopamine and norepinephrine levels remained low or undetectable (Alvarez et al. 
2002). Interestingly, the increase in cell death observed in the VMAT2 KO was 
reversed in the cerebral cortex of VMAT2-MAOA DKO, indicating that increases 
in brain serotonin levels could have a neuroprotectant effect on cortical neurons 
(Stankovski et al., 2007). This effect is in agreement with a previous report by 
Persico et al., (2003) in the brain of mice lacking 5-HTT. S-HTT KO mice display 
high serotonin levels and reduced PCD, as judged by the decrease of TUNEL- 
positive cells in their brain. We found that Bcl-XL mRNA levels returned to 
normal in the cerebral cortex of VMAT2-MAOA DKO, and no decrease in 
expression of the proapoptotic factor Bax was noted (Stankovski et al., 2007). 
This suggests that high serotonin levels maïintain a normal Bcl-XL/Bax mRNA 
ratio. As a consequence, a normal level of cell death is observed in the cerebral 
cortex of VMAT2-MAOA DKO. The mechanisms that allow this normalization at 
both the cellular and molecular levels are not fully understood but likely involve 
one or several 5-HT receptor subtypes. We found that 5-HT2 receptor activation 
led to a partial restoration of the increased cell death phenotype in VMAT2 KO 
(Stankovski et al., 2007). These results are consistent with the prosurvival activity 
of 5-HT2 receptor activation that was noted previously in vitro (Dooley et al. 
1997). Because activation of 5-HT2A/2C receptors leads to an augmentation of 
the trophic factor, brain-derived neurotrophic factor (BDNE) (Vaidya et al., 1997) 
and mice lacking the catalytic domain of trkB, the high-affinity receptor of 
BDNF, display an increase in cell death in the cingulate cortex (Alcantara et al., 
1997), we hypothesized that trkB-dependent mechanisms could be involved in the 
anti-apoptotic cascade triggered by high serotonin levels. However, quantification 
of BDNF mRNA levels showed no differences between normal, VMAT2 KO, or 
VMAT2-MAOA DKO in the cingulate cortex. Furthermore, trkB KO showed a 
rescue of cell death in conditions of increased 5-HT levels (Stankovski et al., 
2007). These results suggest that cell death in the VMAT2 KO is not attributable 
to a decrease of trkB signalling. However, we cannot rule out signalling via p75 
neurotrophin receptor (Kalb, 2005). 
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PARKINSON’S DISEASE 


Parkinson’s disease is a progressively degenerative disorder that affects 
preferentially neurons of the substantia nigra. In this regard, DA may play a role 
as an endogenous toxin, since the normal metabolism of DA produces hydrogen 
peroxide as a by-product (Adams et al., 2001). Accordingly, pharmacological 
enhancement of DA sequestration by VMAT2, to prevent oxidation of DA in the 
cytoplasm, could be an interesting strategy for treatment of Parkinson’s disease. 

Exposure to the neurotoxin N-methyl-4-phenyltetrahydropyridine (MPTP) 
results in clinical symptoms that resemble Parkinson’s disease (Langston, 1996). 
N-Methyl-4-phenylpyridinium (MPP+), the active toxic metabolite of MPTP, is a 
substrate for VMAT2 (Scherman et al., 1988; Moriyama et al., 1993). VMAT2 
sequesters MPP+ in synaptic vesicles and thereby protects catecholamine- 
containing neurons from MPP+-induced toxicity and degeneration (Takahashi et 
al., 1997; Speciale et al., 1998; German et al., 2000; Staal et al., 2000). Studies 
using heterozygous VMAT2 knockout mice show that the knockouts are more 
susceptible to the neurotoxic effects of MPTP, compared with the wild-type mice 
(Takahashi et al, 1997; Gainetdinov et al., 1998; Mooslehner et al., 2001). 
Furthermore, heterozygous VMAT2 knockout mice are more sensitive to 
methamphetamine-induced neurotoxicity and are more vulnerable to the toxic 
effects of L-3,4-dihydroxyphenylalanine (L-DOPA, a DA precursor used to treat 
Parkinson’s disease), compared with wild-type mice (Fumagalli et al, 1999; 
Kariya et al., 2005). The latter results suggest that reduction in VMAT2 activity 
might attenuate the efficacy of L-DOPA therapy in Parkinson’s patients. Finally, 
increased sequestration of DA in synaptic vesicles by VMAT2 has been suggested 
to be protective in Parkinson’s disease (Glatt et al., 2006). 

Taken together, the results of the above studies indicate that VMAT2 
expression and function are important in counteracting the neurotoxicity of MPP+ 
and perhaps of other environmental and endogenous neurotoxins that play an 
etiologic role in neurodegenerative diseases. 
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ABSTRACT 


The thesis of this review is that the earliest cognitive symptoms in 
dementia represent the exhaustion of compensatory mechanisms in the brain 
which counteract underlying Alzheimer's disease (AD), vascular, Lewy body, 
and other neuropathology. These pathologies may accumulate gradually over 
years and perhaps enter a phase of acceleration as compensatory resources 
are outstripped. Evidence for this model of a prolonged presymptomatic 
period in AD has come from recent imaging, neuropathologic, and basic 
science studies. These studies and the potential consequences for diagnosis 
and treatment are presented. The conclusion is that using onset symptoms as 
the signal to begin disease-modifying treatment for AD is too late; this 
treatment must begin earlier, before symptoms begin, to preserve brain 
function. Therefore presymptomatic detection is a critical research goal in 
AD. 
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1. INTRODUCTION 


Presymptomatic detection is different from the concept of detecting cognitive 
or clinical abnormalities prior to the diagnosis of dementia, or even the very 
earliest symptoms that presage dementia years later. It refers to detecting the 
presence of an underlying pathologic process that later expresses itself as a 
dementia when persons are manifestly normal. The many reasons to suspect this is 
possible are described here. 

This is not an unbiased and dispassionate survey of literature on this topic. It 
has a specific viewpoint. The thesis is that the earliest cognitive symptoms in 
dementia represent the exhaustion of compensatory mechanisms in the brain 
which counteract accumulating Alzheimer's disease (AD), vascular, Lewy body, 
and other neuropathology. Detecting the presence of an underlying asymptomatic 
pathology may be indirect, e.g., one may be detecting brain compensations for 
pathology that would otherwise be unobservable. Though indirect, it is a form of 
presymptomatic detection. 

The motivation for addressing presymptomatic detection now is the imminent 
availability of disease-modifying treatments for AD. Detecting threshold amounts 
of AD pathology before symptoms appear offers the hope that symptoms could be 
delayed or even prevented by applying these treatments in persons with this 
pathology. This threshold may be determined by several contributions to brain 
reserve discussed in this article. À summary argument for presymptomatic 
detection and treatment is presented in the conclusion. 


2. THE BRAIN RESERVE HYPOTHESIS 


The brain reserve hypothesis is the theoretical construct that inherited, 
developmental and cultural factors influence the symptomatic expression of 
specific underlying brain pathologies. Examples of such neuropathologies include 
human immunodeficiency virus (HIV) encephalopathy (Stern, Silva, Chaisson, & 
Evans, 1996) and neurodegenerative diseases, e.g., Alzheimer's disease 
(Mortimer, 1997; Mortimer, Borenstein, Gosche, & Snowdon, 2005; Mosconi et 
al., 2005; Wolf, Julin, Gertz, Winblad, & Wahlund, 2004) and frontotemporal 
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dementia (Perneczky, Diehl-Schmid, Drzezga, & Kurz, 2007; Perneczky, Diehl- 
Schmid, Pohl, Drzezga, & Kurz, 2007). Examples of factors constituting reserve 
are years of education (McDowell, Xi, Lindsay, & Tierney, 2007), socioeconomic 
status level (Stern et al., 1994), head circumference (Borenstein Graves et al. 
2001), and intelligence quotient. The neurobiologic basis of each these factors’ 
contribution to reserve is often unstated or heuristically justified in the absence of 
scientific data other than that from studies demonstrating association between the 
factor and symptom expression. Nonetheless it is quite plausible that intrinsic or 
acquired brain properties may confer resistance to the effects of neuropathology, 
and therefore modify whether and when that neuropathology is expressed as 
symptoms, changes in cognitive performance or behavior. 


2.1. Normal Developmental Changes in the Brain during Childhood 
and Adolescence 


Here the focus is on the key findings related to the concept of brain reserve as 
reflected in changes in brain anatomy and histology, tissue density, diffusivity, 
and functional characteristics from conception to early adulthood. 

In utero measurements by magnetic resonance imaging (MRI) and ultrasound 
demonstrate rapid, approximately linear, growth of the brain from 10 to 40 weeks 
gestation (Figure 1), corresponding to neurogenesis, and later in the second and 
third trimesters, increasing axonal sprouting, axonal route-finding, and 
synaptogenesis. As an illustration of underlying cortical histology during this 
period, the complex but ordered development of the human hippocampus 
proceeds from the primordial zonal arrangement (the ventricular neurogenesis 
source and intermediate zones, the neuronal migration target cortical plate, and 
outer neuron-poor marginal zone) (Noctor, Martinez-Cerdeno, & Kriegstein, 
2007) at 9 weeks, through elaboration of subfields at 15-19 weeks, to 
morphologic maturity at 32-34 weeks gestation (Arnold & Trojanowski, 1996). 
The cytoarchitecture of the hippocampus is maintained after this time, although 
decreased neuronal density and enlargement of neurons occur throughout 
adolescence and beyond. Asynchrony of hippocampal complex development 
occurs, with the subiculum reaching maturity earliest, and the dentate latest in 
morphologic maturity. Myelenation only proceeds in this region in the weeks 
before birth, and continues through adolescence. This principal sequence of events 
and regional asynchrony is representative of other human cortical areas during 
brain development (Sidman & Rakic, 1982). 


36 Charles D. Smith 





50- — 
45- ed 
40- PA 


357 





1250- 


4 
o 
1 

… 


Les 


1000+ 


Head 
Circumference, cm 
à 
L 
= 
e à 
e e 
ñ 2 


Normalized Brain Volume. 


on 
un 
3 





2 so 100 150 200) 
Age, weeks 








2 CRUE SRE ECS DORE) NE DRE ESS DSELEE VE MERE (ESC RSLEEN MES ESS DES EL EEE KESUENN DEAMESE) (ROLEX | 
O0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 
Age, weeks 


Fig. 1. Head circumference (HC) in centimeters from 10 weeks in utero (from Lessoway, 
Schulzer, Wittmann, Gagnon, & Wilson, (2008)) to 3 postnatal years, in weeks (from CDC 
growth charts, http:/www.cdc.gov/nchs, 2007). There is approximately linear HC growth 
to at least 36 weeks gestation, corresponding in large part to neurogenesis and neuronal 
migration, and gradually diminishing postnatal HC growth associated with synaptogenesis 
and myelination processes. For continuity, the postnatal HC is averaged between boys and 
girls because the in utero results were not reported by gender. The curve is a spline 
smoothing fit to the S0th percentile data to show the trend; the apparent discontinuity at 
term could be due to a true slowing of head growth in the weeks just before birth, or 
differences in definition of gestational age, gender distribution, and technique of HC 
measurement between sources. Inset shows total volume (TIV) change estimated from HC, 
normalized by average TIV at term (427.4 cc;(Zacharia et al., 2006)). The TIV increases 
by approximately 11% between 3 and 16 years of age (Zhang et al., 2005). Circle (o) 
marks weeks at birth. 


Only recently have brain imaging techniques allowed measurements of gray 
matter (GM) and white matter (WM) alterations with normal postnatal 
development. Gray matter density, used as a proxy for cortical developmental 
maturation, shows an increase before puberty followed by a decrease in 
adolescence and early adulthood that can be interpreted as a "pruning" process 
associated with reorganization and consolidation of efficient synaptic connections 
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(Courchesne et al., 2000; Giedd et al., 1999; Jernigan & Tallal, 1990; Jernigan, 
Trauner, Hesselink, & Tallal (1991); Sowell, Thompson, Tessner, & Toga, 2001; 
Wilke, Krageloh-Mann, & Holland, 2007). This pruning process is invisible to 
head circumference measurements (Figure 1) because head circumference reflects 
maximum achieved brain size and would not decrease despite a small decrease 
with brain volume during adolescence. Cortical GM density maps based on 
longitudinal MRI data from normal subjects in the age range 4 — 21 years 
demonstrate early maturation (4 — 10 years) in the limbic and primary 
sensorimotor cortical regions, and later maturation (10 — 20 years) in modality- 
specific association and polymodal neocortex (Figure 2) (Gogtay et al., 2004). It 
is notable that even the primary regions showing the earliest and greatest 
reduction in GM density still retain the capacity for synaptic reorganization into 
adulthood (Ramachandran, 2005a, b). 

Normal WM development in childhood and adolescence follows the sequence 
classically described by Yakovlev and Lecours (Yakovlev & Lecours, 1967), later 
observed using MRI (Barkovich, Kjos, Jackson & Norman, 1988). Myelination in 
the CNS proceeds from early maturation in basic motor and sensory systems in 
the brainstem, and begins initially in the corticospinal and primary sensory tracts 
and the optic tracts and radiations in the cerebral hemispheres. Myelination is 
synchronous with the cortical maturation pattern described earlier, with later 
stages of maturation occurring in modality-specific association and polymodal 
neocortex, particularly in the frontal lobe U-fibers. Association bundles, e.g., the 
corpus callosum, increase in relative size during the first 20 years of life, 
paralleling these later changes (Giedd et al., 1999; Rauch & Jinkins, 1994). 
Diffusion tensor MRI studies have confirmed and refined these observations 
(Schmithorst, Wilke, Dardzinski, & Holland, 2002), for example demonstrating 
regional gender-specific effects: females aged 5-18 years demonstrated greater 
age-related increases in fiber density (by mean diffusivity) than males in 
associative regions, whereas males had greater absolute organization of 
myelinated tracts (by fractional anisotropy) in the same regions (Schmithorst, 
Holland, & Dardzinski, 2007). The myelination process continues well into 
adulthood, for example in the hippocampal/parahippocampal region (Benes, 
Turtle, Khan, & Farol, 1994). 

Functional studies to complement regional GM and WM developmental 
patterns have focused on language development. Word fluency tasks activate 
more widespread cortical areas, e.g., the right inferior frontal lobe in 11-year old 
children compared to 28 year-old adults. Language lateralization to a verb 
generation task likewise increases between 5 and 20 years of age (Szaflarski, 
Holland, Schmithorst, & Byars, 2006). In word-picture matching over a similar 
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Fig. 2. Illustration from (Gogtay et al., 2004) showing progressive normal cortical 
maturation in 13 subjects scanned biennially from ages 4 to 21 years. Blue-green scale 
colors correspond to lower GM densities, red-yellow to higher densities. Early regional 
maturation is a pattern of decreasing GM density involving primary and polar neocortical 
and limbic (not shown) areas. Later GM maturation occurs in the premotor, modality- 
specific association, and polymodal neocortex. 


age range, shifts in activation were observed from frontal cortical regions to more 
posterior-inferior regions typical of the adult (Schmithorst, Holland, & Plante, 
2006). À complex model for developmental changes in fMRI activation in a 
passive story-listening task has been presented, and generally supports a 
developmental shift in the strengths of functional connections between cortical 
language regions to the left hemisphere between 5 and 18 years of age 
(Karunanayaka et al., 2007). 

The complex ordered developmental events just described provide a rich 
substrate for variable contributions to brain reserve. The numbers of neurons 
generated and their distribution through migration to form the cortical mantle, 
proper route-finding and establishment of synaptic connections between neurons, 
myelination of established fiber tracts, reinforcement of functional connections 
during the development of language and pruning of synapses in adolescence 
represent a few potential sources of these variations. These developmental events 
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may therefore represent critical variables explaining different individual levels of 
resistance to the effects of brain pathology acquired years later in life. 


2.2. Education and Cultural Influences 


Education here refers to formal educational experiences, and cultural 
influences everything else, including family and friends, community, media, 
occupation, recreational activities and religion. Potential "biologic" exposures that 
might affect brain development or function, e.g., diet, water and air, toxin and 
drug exposures, and effects of medical disease are not considered. 

The association between higher educational achievement and decreased risk 
of dementia is well established in the literature (Katzman, 1993). However, the 
level of education that best captures this association is controversial and an 
important issue because education before the end of adolescence is received in a 
critical developmental period biologically distinct from the adult, as described 
previously. 

Some studies find the education effect only for no-education or primary 
school levels (Letenneur et al., 1999), but others find effects (odds ratio of about 2 
for dementia) when defining low education as less than 8 years (Stern et al. 
1994). Mixed model regression of education years in persons with pathologically 
defined AD but without clinical dementia showed that higher education was 
positively associated with this discordance (Roe, Xiong, Miller, & Morris, 2007). 
Expression of dementia in the presence of significant AD neuropathology was less 
likely by a factor of approximately 0.85 per year of additional education, 
supporting a brain reserve effect of education. An arbitrary education threshold 
was not used to produce this finding. 

Related effects of education are that once symptoms begin, affected patients 
with higher educational attainment have greater atrophy (Kidron et al., 1997), 
greater metabolic abnormalities on functional imaging (Liao et al, 2005; 
Perneczky et al., 2006; Scarmeas et al., 2004; Y. Stern, Alexander, Prohovnik, & 
Mayeux, 1992), and greater cognitive decline to dementia (Unverzagt, Hui, 
Farlow, Hall, & Hendrie, 1998). These findings suggest that education may 
reduce or delay the expression of cognitive symptoms through a contribution to 
brain reserve, but once symptoms are expressed this reserve benefit is lost because 
the neuropathologic component of the underlying disease is more advanced at 
symptom onset. 

Studies have shown that higher occupational attainment, which is difficult to 
disentangle from such factors as baseline intelligence, education and social 
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advantage (Plassman et al, 1995), is associated with higher cognitive 
performance in late life and a lower likelihood of dementia (Andel et al., 2005; 
Potter, Plassman, Helms, Foster, & Edwards, 2006; Smyth et al., 2004), but again 
with an accelerated decline after symptoms begin (Andel, Vigen, Mack, Clark, & 
Gatz, 2006). Participation in cognitively stimulating activities may be the 
common link between brain reserve, education, and occupation (Wilson et al., 
2002). 

Recent studies have investigated the relationship of physical activity to 
cognitive performance, based in part on the hypothesis that such activity may 
stimulate adult neurogenesis and memory in mice (Steiner, Wolf, & 
Kempermann, 2006; Van der Borght, Havekes, Bos, Eggen, & Van der Zee, 
2007). Although the contribution of physical fitness to overall health is 
unquestionable, the studies investigating a link of physical activity to brain 
reserve have been mixed (Kramer & Erickson, 2007; Scherder, Eggermont, 
Sergeant, & Boersma, 2007). Recent human and animal studies have not 
supported a contribution of "“noncognitive" physical activity to cognitive 
impairment when environmentally stimulating cognitive activities are accounted 
for (Cracchiolo et al., 2007; Rovio et al., 2007). More work needs to be done in 
this area to supplement the education and occupation findings. 


2.3. Genetic and Epigenetic Contributions to Brain Reserve 


Here genetic refers to classic relationships between genotype and expression 
of traits and epigenetic denotes post-translational regulation and modification 
(e.g., DNA methylation) processes which may also alter that expression. The field 
of play for genetic and epigenetic mechanisms to influence brain reserve is quite 
large, including neurogenesis, neuronal migration and apportioning to functional 
regions, axonal route-finding and synaptogenesis, myelination, and synaptic 
modifications underlying particular types of neuronal plasticity. This section is 
restricted to an illustrative example of how these mechanisms could contribute to 
brain reserve. Neural plasticity is discussed further on in this review. 

Migration of neurons from the ventricular zone to form the cortical mantle 
and the subsequent formation of the neocortical layers is a complex process whose 
genetic basis is just beginning to be understood (Rakic, 2007). This process 
occurs from 6-8 weeks gestation to four weeks before term (Sidman & Rakic, 
1982). The migration process is guided by a specialized developmental scaffold 
consisting of the radial glia (Noctor, Martinez-Cerdeno, & Kriegstein, 2007; 
Rakic, 1990). The numerous anatomically distinct regions in the adult cortex are 
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produced by preordained targeted neuronal migration to these regions and by 
continued elaboration of specific inter- and intra-regional connections (Rakic, 
2007; Sidman & Rakic, 1982). With maturation, myelination patterns help to 
further define the adult architectonic areas (Bailey & Von Bonin, 1951; Brazier & 
Petsche, 1978). Genetic and epigenetic mechanisms orchestrate this process in 
part through determining neuronal numbers via mitotic division (Chenn & Walsh, 
2002), motility patterns through calcium channel expression (Komuro & Rakic, 
1996, 1998), filamin-A and MEKK4 (mitogen-activated protein kinase kinase 
kinase 4) signaling (Sarkisian et al., 2006), adhesion preference and strength via 
alpha3betal and alpha(v) integrins (Anton, Kreidberg, & Rakic, 1999), and 
termination of migration associated with expression of radial glial protein 
SPARC-likel (secreted protein acidic and rich in cysteine-like 1) (Gongidi et al. 
2004). 

This process can go awry in association with human mutations in filamin-A, 
reelin (RELN), DCX, and aristaless-related homeobox protein (ARX), among 
many others (Barkovich, Kuzniecky, Jackson, Guerrini, & Dobyns, 2005). The 
complexity of interaction is illustrated by mutational variation in ARX, which has 
roles in several genetic cortical malformation disorders ranging from very mild to 
severe (Friocourt, Poirier, Rakic, Parnavelas, & Chelly, 2006; Kato et al., 2004; 
Stromme et al., 2002), and an important role in migration, neuronal proliferation, 
and maturation. Given the complexity of these multiple interactions in normal 
cortical development, a portion of brain reserve may well originate in genetic 
variations in ARX and other genes in the absence of mutation, influencing 
numerous critical points during cortical development, e.g., generation of raw 
primordial neuron numbers, development of and signaling by radial glia, neuronal 
place encoding in the ventricular and germinal matrix zones, targeting of neurons 
to their assigned region and layer of cortex, and formation of connections within 
and between cortical columns. 

Neuropathology of AD acquired many years later develops within this field of 
genetic and epigenetically determined normal brain developmental variation. The 
amyloid precursor protein family, directly associated with AD neuropathology, 
also plays a key role in cortical development, particularly amyloid precursor like 
protein 1 (APLP1) (Lorent et al., 1995). Adaptor proteins interacting with this 
family, e.g., FE6S, are required for normal cortical development (Guenette et al. 
2006). Several other known or candidate genes in AD have important 
neurodevelopmental roles, particularly the presenilins and components of the Wnt 
signaling pathway, e.g., beta catenin (Chenn & Walsh, 2003; Ertekin-Taner, 2007; 
Malaterre, Ramsay, & Mantamadiotis, 2007; Wines-Samuelson & Shen, 2005). 
Recently the GRB-associated binding protein 2 (GAB2) gene has been found to 
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be associated with late-onset AD, perhaps through interaction with other AD- 
related genes (E. M. Reiman et al., 2007). Much further work is needed to specify 
whether and to what degree genetic and epigenetic variation in specific pathways 
of brain development contribute to brain reserve and modification of symptom 
expression, apart from any role in AD neuropathology itself. 


2.4. Normal Brain Alterations with Aging 


Normal brain aging can be seen as consisting of consolidation, ongoing 
learning and adaptation on one hand, and erosion of brain reserve by involution on 
the other (Stern, 2002). On balance in successful brain aging, overall cognitive 
function is preserved. Here the focus is on structural anatomic alterations in the 
brain with normal aging. 

Although there are some studies that suggest a somewhat different pattern 
(Allen, Bruss, Brown, & Damasio, 2005; Liu et al., 2003), others have shown that 
after a period of relative stability from the early 205, there is a slow reduction in 
brain volume with age beginning at approximately 50-55 years that accelerates 
after age 70 (Figure 3A) (Coffey, Saxton, Ratcliff, Bryan, & Lucke, 1999; Coffey 
et al., 1992; Courchesne et al., 2000; DeCarli et al., 2005; Jernigan & Gamst, 
2005; Lemaitre et al., 2005; Lim, Zipursky, Watts, & Pfefferbaum, 1992; Nagata 
et al., 1987; Pfefferbaum et al., 1994; Pfefferbaum, Sullivan, Swan, & Carmelli, 
2000; Resnick, Pham, Kraut, Zonderman, & Davatzikos, 2003; Scahill et al. 
2003). Voxel-based morphometric methods applied to magnetic resonance images 
have shown that GM volume and density reductions are global but the greatest 
reductions involve the parietal and frontal lobes (Good et al., 2001; Smith, 
Chebrolu, Wekstein, Schmitt, & Markesbery, 2007). Overall brain volume loss 
rates are on the order of 0.1 — 0.2% per year. There is little evidence of a selective 
regional volume loss exceeding global loss in the medial temporal lobe, the site of 
the earliest AD neuropathology. (DeCarli et al., 1994; Good et al., 2001; Smith, 
Chebrolu, Wekstein, Schmitt, & Markesbery, 2007). In this respect normal aging 
appears to differ from MCI and AD. It has been suggested that certain subcortical 
structures (substantia innominata) important in AD also undergo neuronal loss 
with aging, and that these losses may be partially reversed with intervention, e.g., 
nerve growth factor, at least in primates (Smith, Roberts, Gage, & Tuszynski, 
1999). 
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Figure 3. (A). Decline in TIV-normalized gray matter volume (fraction) with age in 122 
normal subjects aged 58 — 95 years. In this cross-sectional study, there was a 
corresponding increase in cerebrospinal fluid volume (CSF) with age, but no change in 
global WM volume (Smith, Chebrolu, Wekstein, Schmitt, & Markesbery, 2007). (B). 
Localized WM volume decreases were demonstrated in the corpus callosum genu and 
frontal lobe WM (significant decreases in yellow on ascending axial slices with Talairach 
coordinates shown (Smith, Chebrolu, Wekstein, Schmitt, & Markesbery, 2007)). 


The presence of global WM volume reductions with age remains an 
unresolved question, because some studies report it while others show no 
significant change (Good et al., 2001; Resnick et al., 2003; Smith, Chebrolu, 
Wekstein, Schmitt, & Markesbery, 2007; Walhovd et al., 2005). Other evidence 
suggest focal decreases in WM volume, specifically in the anterior corpus 
callosum and frontal lobe (Figure 3B) (Head, Snyder, Girton, Morris, & Buckner, 
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2005; Raz et al, 1997; Salat, Kaye, & Janowsky, 1999; Smith, Chebrolu, 
Wekstein, Schmitt, & Markesbery, 2007). However, the "frontal lobe hypothesis," 
used to explain declines in executive functions with age by positing a selective 
frontal involution, has been challenged (Greenwood, 2000). 

The underlying morphologic correlates of brain volume reductions may 
include restricted neuronal losses, neuronal shrinkage, reduction in the size and 
extent of neuronal arbors and dendritic spines, and loss of myelin (Coleman & 
Flood, 1987; Dickstein et al., 2007; Flood & Coleman, 1988; Uylings & de 
Brabander, 2002). Therefore despite normal cognitive function, there may be 
diminished brain reserve measured generally by brain, and particularly cortical 
GM, volume loss in aging that may precede significant cognitive changes by 
many years. This cerebral atrophy is distinct from head circumference or total 
intracranial volume (TIV) as a measure of brain reserve (Schofield, Mosesson, 
Stern, & Mayeux, 1995; Wolf et al., 2004). Head circumference and TIV are 
better interpreted as a measure of in utero and postnatal brain developmental 
reserve (Bartholomeusz, Courchesne, & Karns, 2002). 


2.5. Summary 


Brain reserve is a useful general concept to help explain the ameliorating 
effects of education, occupation, and brain size on development of cognitive 
symptoms and dementia in late life. Specific potential components of this reserve 
discussed include the absolute number of neurons generated during early brain 
development, the targeted migration of these neurons to specific cortical regions, 
number and connections of cortical columns, editing and pruning of these 
connections during adolescence, and myelination of connecting fibers, most or all 
likely under genetic and epigenetic control. These components are consistent with 
known patterns of brain growth. Modifications of this substrate occur in the 
acquisition of language and under the influence of education, occupation, and 
other cognitive experiences that continue into adulthood. 

Age-related decline in the morphologic characteristics and size or density of 
brain substance, particularly GM, is clearly established, and may diminish brain 
reserve in an age range when vulnerability to neurodegenerative pathologies 1s 
increased. The pattern of this age-related loss differs from the pattern seen in AD. 
Better understanding of the neurobiology of human brain development, even at its 
earliest stages, could provide important insights into how developmental 
processes leading to brain reserve could be enhanced. Currently little is known 
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about specific contributions to the observed brain GM loss with normal aging, but 
there is no evidence that it is irreversible. 


3. NEURONAL PLASTICITY 


The concept that the brain undergoes continuous modification and change, 
particularly at neuronal synapses, dates back inevitably to Cajal, who explicitly 
used a Spanish term equivalent to "neuronal plasticity" (Cajal, 1995). However, 
the dynamic and muscular nature of synaptic change was demonstrated much 
more recently (Buonomano & Merzenich, 1998). The discussion of this vast topic 
is restricted to modification of synaptic connections in adult cortex as a response 
to two circumstances: (1) learning, broadly defined and (2) compensation for 
injuries to the nervous system. 


3.1. Synaptic Changes with Learning 


Evidence of synaptic plasticity is based on two types of observations: (1) 
changes in paradigmatic stimulation-induced evoked responses such as long-term 
potentiation or depression, and (2) morphologic changes in axons, boutons and 
dendritic spines (Deng & Dunaevsky, 2005; Lippman & Dunaevsky, 2005; 
Stettler, Yamahachi, Li, Denk, & Gilbert, 2006; Tsanov & Manahan-Vaughan, 
2007). Alterations in synaptic signaling and structural proteins underlie many of 
these changes (Ethell & Pasquale, 2005; Gomes, Hampton, El-Sabeawy, Sabo, & 
McAllister, 2006; Sharma, Fong, & Craig, 2006; Tao-Cheng, 2006). That local 
synaptic responses and morphology undergo change with learning, e g, exposure 
to different sensory inputs, in the adult brain is no longer in doubt (Buonomano & 
Merzenich, 1998). What remains at issue is how these changes are related to 
larger scale reorganization of cortical representations or maps, and whether 
alterations in these maps and their interconnections form the essence of learning 
and learning-induced changes in behavior and cognition. For the present the 
assumption will be that this is the case and that in the adult human cortex, there is 
an ongoing normal process of orderly turnover, re-tuning and remodeling of 
synapses that underlies brain adaptations to a changing internal and external 
environment, constituting learning. 

The questions raised here are whether biologic variations in the quality and 
efficiency of neuronal plasticity constitute an important component of brain 
reserve, and whether age-related losses in that quality might erode that reserve. In 
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the absence of an accepted measure of the quality of synaptic plastic processes 
that would encompass variations within the biologically normal range, specific 
answers are not currently available. However, there are several identified 
biochemical pathways that have been associated with neuronal plasticity and 
learning where such biologic variations are likely to occur (Figure 4). 

A signaling pathway with a nuclear target and positive and negative 
regulatory elements essential for the formation of long term memory, involving 
protein kinase À (PKA) and the cyclic AMP-response element binding protein 
(CREB), is well established (Abel & Kandel, 1998; Silva & Giese, 1994). 
Continued research has demonstrated a mitogen-activated protein kinase (MAPK) 
pathway that involves extracellular signal regulated Kinases (erk) 1 and 2, which 
couple to protein and ion channel expression mechanisms, but that also modulate 
CREB through phosphorylation. A complementary pathway headed by Ras is 
inhibited by PKA; the two paths overlap by modulating MAPK kinase (MEKI1 
and 2) (Lonze & Ginty, 2002; Sweatt, 2001; Sweatt, Weeber, & Lombroso, 2003; 
Waltereit & Weller, 2003). The dual role of MAPK in memory and growth is 
incorporated within the concept that synaptic plasticity involves both changes in 
synaptic potential responses and in synaptic shape and size — physiological and 
morphological plasticity (Thomas & Huganir, 2004). Recent studies show that 
CREB-mediated transcription may be governed by an "off-on switch" provided by 
the phosphorylation state of eukaryotic translation initiation factor 2, subunit 1 
alpha (eIF2alpha) (Costa-Mattioli et al., 2007). 

Other molecular biology experiments suggest that presenilins and presenilin- 
interacting proteins (delta-catenin) play important roles in normal synaptic 
plasticity, in part through interactions with Notch and CREB signaling pathways 
(Israely et al., 2004; Marjaux, Hartmann, & De Strooper, 2004; Saura et al., 2004; 
Wines-Samuelson & Shen, 2005). Amyloid precursor protein (APP) is likewise 
associated with normal plasticity and is cleaved by gamma-secretase, which 
requires presenilin for this activity (Gralle & Ferreira, 2007; Israely et al., 2004; 
Mileusnic, Lancashire, & Rose, 2005; Schmidt et al., 2007; Turner, O'Connor, 
Tate, & Abraham, 2003; Zhang et al., 2007). Mutations in the genes for presenilin 
and APP cause autosomal dominant early onset Alzheimer's disease, but this does 
not exclude a potential contribution to brain reserve in their normal roles in 
synaptic plasticity (Marjaux et al., 2004; Mileusnic et al., 2005). There is clearly 
ample range in these pathways for variations in synaptic plasticity that could 
explain normal adult differences in learning and in variable erosion of brain 
reserve with age. 
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Figure 4. Diagram of a current model of neuronal learning modified (from Sweatt et al. 
2003). Key participants in the signaling cascades discussed in the text are indicated by an 
asterisk (*) in the figure: Ras, Calcium (Ca2+), PKA, MEK1/2, ERF1/2, and CREB. End 
points of the cascades are gene transcription and spine structural and other protein 
synthesis. The letter R denotes a receptor, some of which are associated with coupling 
proteins. Further details can be found in the reference. 


Neuronal plasticity is a "driven” process depending on signals from sensory 
inputs and from other connected brain regions. The quality of those inputs in part 
derives from the integrity of the peripheral sensory organs and receptors and the 
complexity and nature of environmental stimuli encountered. Because both of 
these factors may change with age, it is difficult to distinguish a normal adaptation 
of a functioning plastic mechanism due to changes in these factors and age-related 
changes in the plastic mechanisms themselves. Both could produce functional and 
even macroscopic morphologic changes seen with age because neural plasticity 
has both physiologic and morphologic components as described. There is little 
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experimental evidence bearing on this distinction (Disterhoft & Oh, 2006; 
Drapeau, Montaron, Aguerre, & Abrous, 2007; Mothet et al, 2006). Some 
established changes with aging could affect the intrinsic mechanisms of neuronal 
plasticity, e.g., calcium dysregulation, because calcium is the key activator of both 
the Ras and MAP%K signaling cascades (Foster, 2007; Mattson, 2007). However, 
despite the likely loss of brain reserve capacity, there is evidence that learning 
remains largely intact in normal successful aging and may be enhanced by 
intervention (Mahncke et al., 2006). 


3.2. Compensations in Brain Injury 


This section briefly explores what potentials and limits there might be in the 
capacity of plastic changes in the adult to compensate for an underlying 
neurodegenerative pathology. Certain forms of compensation such as 
modification of alternative macroscopic networks are not considered. 

The dynamic nature of cortical maps has been shown by overlaps and shifts in 
receptive fields for the remaining innervated skin following limb amputation in 
young adults, demonstrating a potential capacity in this form of adult macroscopic 
cortical  plasticity (Ramachandran, 2005a; Ramachandran &  Rogers- 
Ramachandran, 2000). There is now a large literature in “applied neuronal 
plasticity," the attempt to move basic ideas concerning plasticity to the clinic to 
benefit brain injured patients to rehabilitate and compensate these injuries 
(Butefisch, 2006). Various evidence-based approaches have focused on motor 
rehabilitation during intensive physical therapy, including increasing cortical 
excitability in the injured region using repetitive transcranial magnetic stimulation 
(Butler & Wolf, 2007; Mally & Stone, 2007), increasing input to damaged cortex 
through peripheral sensory nerve stimulation (Castel-Lacanal, Gerdelat-Mas, 
Marque, Loubinoux, & Simonetta-Moreau, 2007; Conforto, Cohen, dos Santos, 
Scaff, & Marie, 2007), immobilization (constraint) of the unaffected extremity 
(Mark, Taub, & Morris, 2006; Sunderland & Tuke, 2005), and enhancement of 
synaptic activation using noradrenergic and dopaminergic drugs, e.g., 
amphetamine (Adkins & Jones, 2005; Ramic et al., 2006; Walker-Batson et al., 
2001). Some of these efforts have been successful, but effects of many of these 
therapies have not been systematically demonstrated in randomized trials. Proof 
that improvements observed are in fact due to alterations in neuronal plasticity is 
not yet available. Nonetheless the principle that neural plasticity can usefully 
compensate for brain injury is supported by early studies in this field. Perhaps 
further research in this area will provide greater insight into why head injury is 
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associated with AD (Blasko et al., 2004; Ikonomovic et al., 2004; Olsson et al. 
2004; Szczygielski et al., 2005). 

A surprising result from such studies is that brain "compensation" could 
impede recovery in the injured brain region through cortical inhibition from 
remaining intact regions, or by the expression of proteins that inhibit neural 
outgrowth and other aspects of plasticity, e.g., the Nogo-A protein (Chen et al. 
2000). These results suggest that brain compensations for injury may be quite 
different from simple enhancement of the routine expression of neuronal 
plasticity, and that some compensations may actually reduce it. Deeper 
understanding of these compensatory mechanisms may lead to therapies designed 
to "unlock" normal plastic mechanisms to promote recovery in injured areas, e.g., 
antibodies to Nogo (Emerick & Kartje, 2004; Emerick, Neafsey, Schwab, & 
Kartje, 2003; Markus et al., 2005; Papadopoulos et al., 2002). There is a potential 
for such therapies in neurodegeneration if similar compensatory changes occur in 
those conditions, an unexplored possibility at present. Other compensatory 
mechanisms have been suggested to explain variability in Down's syndrome 
dementia, a dementia associated with AD neuropathology (Head, Lott, Patterson, 
Doran, & Haier, 2007). 


3.3. Summary 


Neural plasticity is the dominant known substrate for learning in the adult and 
has a detailed physiologic, morphologic, and molecular underpinning. Presenilin 
and APP have important normal roles in this substrate. Normal biologic variations 
in the quality and efficiency of plastic processes can plausibly explain differences 
in learning capacity between normal adults, a contribution to variations in brain 
reserve. Age-related decline in plasticity could be due to normal neural plastic 
responses to changes in sensory and environmental stimuli with age, age-related 
alterations in the character of plastic mechanisms themselves, or both. This 
decline appears small in relation to preservation of learning in aging, but it may 
signal the presence of an underlying erosion in brain reserve that can later be 
exposed by developing neuropathologic alterations in synapses. The brain 
compensates for injury at least in part through mechanisms of neural plasticity, 
but in some circumstances plasticity in the injured region may actually be 
reduced. 
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4, MILD COGNITIVE IMPAIRMENT (MCI) 
AND ALZHEIMER'S DISEASE (AD) 


A simple listing of topic areas in this huge literature and its controversies 
would take many pages; therefore, simplification of complex issues is inevitable. 
Here the focus will be on key concepts related to MCI and AD that provide a 
basic foundation for the following section on presymptomatic detection. 


4.1. Clinical Approach and Definition of MCI 


Flicker et al showed progression of dementia in a group of longitudinally 
followed elderly subjects who initially had mild impairment on psychometric tests 
compared to controls (Flicker, Ferris, & Reisberg, 1991). Petersen et al 
emphasized and refined this concept of MCI and distinguished the amnestic form 
from other types (Petersen et al., 1999). The criteria of Petersen et al for amnestic 
MCI are most frequently used (Petersen, 1998): (a) memory complaints, 
preferably corroborated by an informant; (b) psychometrically defined memory 
impairment for age and education, but with preserved general cognitive function; 
(c) intact activities of daily living (ADLSs); and (d) no clinical dementia. Subjects 
with amnestic MCI are by definition not demented, but are at greatly increased 
risk for the future development of dementia and in particular AD and vascular 
dementia, although rates of progression vary considerably across studies (Gauthier 
et al., 2006; Yaffe, Petersen, Lindquist, Kramer, & Miller, 2006). 

The clinical approach is embodied in the clinical dementia rating (CDR), a 
formal structured interview of a patient and an informant by an experienced 
medical professional in which the opinion of degree of impairment is rated in five 
domains together with an overall rating score ranging from 0 to 3. In the proper 
context, this rating is highly reliable in the diagnosis and staging of MCI and 
dementia (Burke et al., 1988; Fillenbaum, Peterson, & Morris, 1996; Morris, 
1997; Morris et al., 1991; Storandt, Grant, Miller, & Morris, 2006). A person who 
is asymptomatic by definition has a CDR of zero. 


4.2. Neuropathology of MCI and AD 


The diagnostic hallmarks of AD pathology are neuritic amyloid plaques, 
neuropil threads, and neurofibrillary tangles (Price et al., 1998). Neuronal and 
particularly synaptic losses accompany these hallmarks (Brun, Liu, & Erikson, 
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1995; P. Coleman, Federoff, & Kurlan, 2004; Masliah, Terry, DeTeresa, & 
Hansen, 1989; Scheff & Price, 2006; Scheff, Price, Schmitt, & Mufson, 2006; 
Small, 2004; Terry, 2006). The distribution of tangle neuropathology is 
incorporated into the Braak staging system for AD, which recognizes the earliest 
pathologic alterations in the transentorhinal cortex, followed by progressively 
greater tangle pathology in limbic regions, culminating in late stage widespread 
neocortical involvement (Braak, Alafuzoff, Arzberger, Kretzschmar, & Del 
Tredici, 2006; Braak, Braak, & Bohl, 1993). The rate of accumulation of this AD 
pathology is difficult to measure because in autopsy or biopsy only one time point 
can be sampled. Some studies have estimated a slightly increasing accumulation 
rate with age but the form of this acceleration is not clear, e.g., a power law or 
exponential rate increase (Dani, Pittella, Boehme, Hori, & Schneider, 1997; 
Miyasaka et al., 2005; Ohm, Muller, Braak, & Bohl, 1995). 

In the presence of a clinical diagnosis of dementia and any acknowledged 
confounding brain pathologies, a neuropathologic diagnosis of AD can be made as 
low, intermediate, or high likelihood according to the National Institute on Aging 
and Reagan Institute criteria, which use semiquantitative estimates of CERAD 
neuritic plaque score and Braak staging. The stringency of these criteria depends 
on whether they are used for validation or other research, or for routine diagnostic 
purposes ("Consensus recommendations for the postmortem diagnosis of 
Alzheimer's disease. The National Institute on Aging, and Reagan Institute 
Working Group on Diagnostic Criteria for the Neuropathological Assessment of 
Alzheimer's Disease," 1997; Geddes et al., 1997; Jellinger, 1998; Jellinger & 
Bancher, 1998; Newell, Hyman, Growdon, & Hedley-Whyte, 1999; Wisniewski 
& Silverman, 1997). Neuropathology in amnestic MCI diagnosed in expert 
centers strongly resembles AD pathology in every respect except for lower levels 
of intensity and extent, supporting the construct of amnestic MCI as a 
symptomatic stage prior to clinically diagnosed AD (Bennett et al., 2006; 
Markesbery et al., 2006; Morris & Price, 2001; Petersen et al., 2006; Schmitt et 
al., 2000). 


4.3. Non-AD Neuropathologies 


The recognition of the contribution of non-AD neuropathologies to dementia, 
e.g., micro- and small infarcts and Lewy bodies, has complicated neuropathologic 
diagnosis (Kovari et al., 2007). Coexistence of these pathologies with AD 
pathology increases the likelihood of association with cognitive symptoms and 
clinical dementia diagnosis (Bennett, Schneider, Bienias, Evans, & Wilson, 2005; 
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Schneider, Arvanitakis, Bang, & Bennett, 2007; Snowdon et al., 1997). Because 
Lewy body pathology and AD pathology frequently coexist at autopsy, diagnosis 
of a Lewy body component distinct form AD remains a difficult clinical challenge 
(Metzler-Baddeley, 2007; Weisman et al., 2007). 

An important theoretical issue is whether brain reserve should be considered 
in relation to one particular pathology or to all pathologies combined. If in relation 
to one pathology such as AD, remaining pathologies could be seen as eroding 
brain reserve relative to AD. However, simply because some pathologies, e.g., 
small infarcts, are common in aging does not mean they should be swept into the 
concept of reserve. This point is emphasized if one considers also including 
asymptomatic Lewy body pathology as eroding brain reserve relative to AD, 
which appears unwise because Lewy body pathology alone can cause dementia 
(Marui, Iseki, Kato, Akatsu, & Kosaka, 2004). Perhaps it is better is to consider 
brain reserve in relation to accumulating neuropathology whether individual or 
combined and assessing contributions from each type. 


4.4. The Amyloid Hypothesis and Disease-Modifying Treatment 


The amyloid hypothesis takes several forms, the gist of which is that 
abnormally increased production of particular beta-amyloid cleavage fragments of 
APP leads to a cascade of damaging effects on brain synapses and neurons (Walsh 
& Selkoe, 2004). The eventual consequence of this damage is MCI and 
ultimately, AD. The scientific support for this hypothesis would fill many 
volumes. 

Several potential pharmacologic treatments for AD based on the amyloid 
hypothesis are in development, two of which have completed or will soon 
complete phase-IIl clinical trials seeking a Food and Drug Administration 
indication for disease modification. Tramiprosate binds beta amyloiïd and is 
thought to prevent formation of amyloid fibrils, and tarenflurbil is a selective 
amyloid beta 1-42 lowering agent (Gervais et al., 2007; Golde, 2006; Kukar et al. 
2007). None of the medications approved beginning with tacrine in 1993 have had 
such an indication, so the introduction of these therapies is eagerly awaited by AD 
patients and their physicians. Neither drug has known effects on brain reserve or 
on non-AD pathologies. 
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4.5. Summary 


Research has resulted in reliable clinical criteria for the diagnosis of amnestic 
MCI, which conceptually represents the earliest symptoms of mild memory loss 
presaging the onset of AD. Individuals with amnestic MCI have established 
neuropathology typical of AD, but the intensity and extent of that pathology is 
generally less than in AD, suggesting that further progression of pathology 
accompanies the further progression of mild memory symptoms to dementia. 
Disease modifying treatment is in clinical trial and is expected to slow the 
progression of pathology and therefore the rate of clinical progression from MCI 
to AD. The presence of other pathologies increases the likelihood that a given 
level of AD pathology will be associated with dementia. Disease modifying 
treatment would not decrease this association but could reduce the level of AD 
pathology and consequent dementia. 


5. PRESYMPTOMATIC DETECTION OF MCI AND AD 


The purpose of this section is to discuss evidence that AD pathology is 
present in normal persons for many years prior to the period of vulnerability for 
late-onset AD. Potential imaging, biofluid, clinical and psychometric methods for 
detecting effects of this pathology and predicting onset of early AD symptoms are 
presented. 


5.1. Evidence for Presymptomatic Neuropathology in AD 


Neurofibrillary pathology characteristic of AD but restricted to entorhinal and 
hippocampal areas (Braak stages I & II) was present in over 50% of autopsies 
performed between ages 50 and 60 years as part of a larger study of 2,661 staged 
neuropathologic examinations in the age range 25 — 95 years (Braak & Braak, 
1998). The age range of 50-60 is below the usual expected onset of clinical late- 
onset AD (McKhann et al, 1984). The presence of AD pathology in older, 
carefully evaluated nondemented subjects has now been documented in several 
subsequent studies (Bennett et al, 2006; Davis, Schmitt, Wekstein, & 
Markesbery, 1999; Driscoll et al., 2006; Markesbery et al., 2006; Schmitt et al., 
2000). Two key issues raised by these findings are: (1) whether this pathology is 
related to subtle cognitive decline to levels that remain within the normal range 
and that are insufficient to produce functional impairments, and (2) the 
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characteristics of AD pathologic progression demarking the transition to the 
symptomatic state, e.g., MCI. The issue of cognitive change is discussed later in 
this section; here the neuropathologic correlates of transition to MCI are briefly 
discussed. . 

Recent studies have shown that likelihood of early memory and related 
symptoms is related to two basic factors: the presence of coexistent non-AD 
pathologies, e.g., microinfarcts, and the extent or stage of AD pathology (Bennett 
et al., 2006; Bennett et al., 2005; Petersen et al., 2006; Schmitt et al., 2000; 
Schneider et al., 2007). Increased numbers of limbic neurofibrillary tangles and 
the presence of neocortical neuritic plaque pathology appear to best distinguish 
persons meeting clinical criteria for MCI from normal (Markesbery et al., 2006; 
Morris et al., 1991; Morris & Price, 2001). Nonetheless similar mild to moderate 
levels of AD pathology seen in MCI are also observed in well characterized 
subjects with normal levels of cognition and functional performance. The concept 
of brain reserve and its several components as variables explaining this 
discrepancy have been discussed in a previous section. 


5.2. Imaging Biomarkers 


Development of imaging as a technique to assess the brain in normal subjects 
prior to MCI and dementia may have different goals that should be distinguished: 
(1) detecting the presence of morphologic and functional changes due to the 
presence of underlying asymptomatic AD and other pathologies, (2) 
characterizing brain features related to brain reserve and changes in that reserve, 
and (3) mapping brain compensatory changes related to advancing 
neuropathology or to involutional age-related erosion of brain reserve. The 
potential for confounding these different goals depending on limitations of 
imaging techniques or of practical experimental designs should be kept in mind. 

Much imaging research has been based on the hypothesis that because the 
earliest pathologic alterations in AD involve the entorhinal cortex and other 
medial temporal limbic structures, these regions will be the most salient in 
predicting normal subjects who would later develop MCI or AD (Kaye et al, 
1997). Absolute entorhinal and hippocampal volumes are decreased and rates of 
volume change are increased in MCI (Convit et al., 2000; Jack et al., 1999; Jack et 
al., 2004; Xu et al., 2000). However, some studies have shown that general 
measures of brain atrophy rate are as salient as measures of entorhinal and 
hippocampal atrophy rate in predicting conversion from normal to MCI (Jack et 
al., 2004; Jack et al., 2005) or cognitive decline without dementia (Adak et al., 
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2004), suggesting that there may be a separate brain reserve component outside 
the medial temporal target region of early AD neuropathology (Chetelat et al., 
2005; Convit et al., 2000; Jack et al., 2000; Karas et al., 2004; Mueller et al. 
1998; Pennanen et al., 2005). Others have demonstrated decreased GM density in 
cognitively normal apolipoprotein (APOE) F4 allele carriers at risk for AD 
(Wishart, Saykin, McAllister et al., 2006). 

A recent study demonstrated that medial temporal and left parietal GM 
volumes in normal subjects predicted MCI within five years with 76% accuracy 
that was further enhanced to 87% by combining GM volume with a cognitive 
measure, raw Wechsler Memory Scale score (Figure SA) (Smith, Chebrolu, 
Wekstein, Schmitt, Jicha et al., 2007). Lower resting glucose metabolism using 
positron emission tomography (PET) in the left angular, mid temporal, and mid 
frontal gyri predict decline on a global cognitive measure, the Mini Mental State 
Examination, and decreased medial temporal volumes predict decline on delayed 
memory in normal subjects at baseline followed subsequently over 3.8 years 
(Jagust et al., 2006). Ten percent of these subjects developed MCI or dementia, 
but the correlation remained significant without them, suggesting these imaging 
measures may predict MCI or dementia in normal subjects. 

Functional imaging studies have shown alterations in brain activation in 
subjects at increased risk of AD years before the onset of cognitive symptoms. 
Decreased PET resting glucose metabolism in the posterior cingulate and parietal 
regions has been demonstrated in normal subjects at increased risk of early-onset 
AD due presenilin and APP mutations, and in subjects with a family history of 
late-onset AD and at least one apolipoprotein (APOE) E4 allele (Johnson et al. 
2001; Reiman et al., 1996; G. W. Small et al., 2000; Stefanova et al., 2002). 
Amyloid imaging, a PET-based technique for quantitating the burden of brain 
amyloid, is conceptually appealing and holds promise for presymptomatic 
detection (Lockhart et al., 2007; Nordberg, 2007; Rowe et al., 2007). The role of 
this new technique for presymptomatic detection is not yet established. 

Active functional MRI and PET results have not been entirely consistent. 
Some studies have demonstrated decreased activation in prefrontal activity in 
normal high-risk (APOE4 carrier) subjects during working memory tasks, in 
ventral temporal regions during picture naming, and in medial temporal regions 
during episodic memory encoding (Figure 5B) (Elgh, Larsson, Eriksson, & 
Nyberg, 2003; C. D. Smith et al., 1999; C. D. Smith et al., 2005; Trivedi et al., 
2006). Other studies have demonstrated increased parietal activation associated 
with verbal fluency tasks and increased medial temporal activation during 
episodic memory encoding or retrieval (Figure 5C) (Bondi, Houston, Eyler, & 
Brown, 2005; Bookheimer et al., 2000; Fleisher et al., 2005; Smith et al., 2002; 
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Sperling, 2007; Wishart, Saykin, Rabin et al., 2006). These functional studies 
differ in the age of subjects, inclusion of family history with the APOE4 carrier 
state, nature of tasks performed during imaging, thoroughness of cognitive testing, 
and methods of analyses. Nonetheless, these studies suggest that active functional 
imaging holds promise as class of imaging biomarkers for presymptomatic brain 
alterations in normal persons at risk for AD. 





Fig. 5. Illustration of structural and functional imaging findings in asymptomatic normal 
subjects at risk of AD. (A) Regions of significant volume decrease in the anteromedial 
temporal lobes and left angular gyrus region in 23 normal subjects destined to develop 
MCI vs. 113 normal subjects who remained normal over 5 years follow-up assessment 
(Smith, Chebrolu, Wekstein, Schmitt, Jicha et al., 2007). (B) Decreased ventral temporal 
activation during picture naming in 14 presymptomatic normal subjects at increased risk of 
AD vs. 12 low-risk subjects (Smith et al., 1999). (C) Left medial temporal activation 
increase during paired word associates learning in 10 presymptomatic normal subjects at 
increased risk of AD vs. 10 low-risk subjects (Fleisher et al., 2005). In (A) & (B) the red 
and yellow overlay indicates a decrease in the comparison; in (C) red indicates an increase. 


Mild Cognitive Impairment is Too Late 57 





5.3. Serum and CSF Biomarkers 


The ratio between beta amyloid isoforms 1-42 and 1-40 in plasma and CSF 
has been shown to associate with or predict risk of later MCI or AD in normal 
subjects in separate studies (Fagan et al, 2007; Graff-Radford et al., 2007). 
However, the relationship between plasma and CSF amyloid has not yet been 
fully clarified (Freeman, Raju, Hyman, Frosch, & Irizarry, 2007). À combination 
of tau, phospho-tau, and beta amyloid 1-42 CSF levels may improve prediction of 
conversion from MCI to AD. Other approaches to improve sensitivity and 
specificity of CSF analytes have included measurement of specific oxidation 
products, e.g. 4-hydroxynonenal, and protein patterning to detect a profile of 
neuropathology-related molecular alterations (Finehout, Franck, Choe, Relkin, & 
Lee, 2007; Lovell, Xie, & Markesbery, 1998). Studies have not yet examined 
these or similar promising CSF biomarker approaches to predict later cognitive 
symptoms of MCI in normal subjects. 


5.4. Psychometric Assessments to Predict MCI or AD 


That cognitive performance in early adulthood may predict performance in 
late life would not be surprising. For example, performance on a military 
examination, the Army General Classification Test accounted for 21% of the 
variance in cognitive performance measured 50 years later and education 
accounted for 16.7% (Plassman et al., 1995). However, cognitive performance in 
childhood and early adulthood has also been linked to later expression of 
dementia symptoms. Performance of 11-year-olds on a standardized mental ability 
test in Scotland in 1932 was lower in survivors who developed dementia after age 
65 years than in those who did not. In a classic longitudinal study of nuns, idea 
density and grammatical complexity judged from essays written when subjects 
entered their religious order at age 22 was lower in those who developed dementia 
many years later (Snowdon et al., 1996). Investigators in the Framingham study 
found that derived memory scores were lower in normal subjects who developed 
dementia an average of 22 years later (Elias et al., 2000). These early detected 
differences in performance and ability are most likely determined by 
developmental differences discussed previously under the heading of brain 
reserve. 

The literature on presymptomatic prediction is confounded by newly 
improved concepts and clinical techniques for the detection of MCI, which 
themselves include psychometric assessment as one of the criteria for this 
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diagnosis. This moving target makes it more difficult to interpret literature 
demonstrating presymptomatic cognitive declines, particularly on subtle memory 
measures (Blacker et al., 2007; Crystal et al., 1996; Grober, Lipton, Hall, & 
Crystal, 2000; Masur, Sliwinski, Lipton, Blau, & Crystal, 1994; Small, Stern, 
Tang, & Mayeux, 1999: Tierney, Yao, Kiss, & McDowell, 2005). There is no 
doubt that decline on psychometric measures occurs prior to dementia. 

The clinical and neuropsychological approaches to presymptomatic detection 
encompass a range: the CDR is a structured clinical evaluation that does not 
include formal psychometric testing (Morris, 1997); the diagnosis of MCI may 
include a CDR-like clinical assessment but also explicitly incorporates 
psychometric testing results within its criteria (Kelley & Petersen, 2007), and 
finally, many studies used cognitive assessments alone to determine pre-dementia 
states (Blacker et al., 2007). The types of evaluations bracketing the two ends of 
this range are fundamentally different and each approach has advantages and 
defects. The CDR is an individual determination that does not require adjustments 
for age or education (norms), but it does require clinical expertise, judgment, and 
time (Morris, 1997). The recently developed AD8 may overcome some of this 
limitation (Galvin, Roe, Xiong, & Morris, 2006). Psychometric evaluations 
provide quantitative results in detailed cognitive domains and are easier to 
implement in large-scale studies but scores must be adjusted for several 
confounds, including age, and may be subject to greater individual variation over 
time (Grober et al., 2000; Small et al., 1999; Tierney et al., 2005). 

MCI diagnosis is the middle way, incorporating advantages of both 
approaches. However, in this case there is more data to consider, which may lead 
to the problem of reconciling the two when results conflict. One group that has 
used both methods independently reports no psychometrically-defined cognitive 
impairment or decline in longitudinally followed subjects prior to clinical 
detection, even in the presence of AD pathology (Goldman et al., 2001; Storandt 
et al., 2006). Others have drawn similar conclusions (Driscoll et al., 2006). This 
suggests that other methods are needed to detect AD pathology before MCI 
(Morris & Price, 2001). 


5.5. Summary 


AD neuropathology and often other pathologies are already present when the 
earliest memory and related cognitive symptoms first appear. In many cases these 
symptoms herald a progressive clinical dementia. These observations imply that 
neuropathology was present for some interval when the affected individual was 
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cognitively and behaviorally indistinguishable from other normal persons without 
AD pathology. Accumulating data suggest this interval can be measured in 
decades. Current evidence indicates that the complementary clinical and 
psychometric detection methods available today may not make this critical 
distinction. If disease modifying treatments soon to be available slow the progress 
of AD pathology, it follows that these treatments could delay the onset of 
symptoms or perhaps prevent their appearance entirely. Imaging biomarkers and 
serum and CSF analytes may provide the means to detect presymptomatic 
pathology and follow its evolution to measure treatment effects in future 
preventive clinical trials. 


6. OVERALL SUMMARY AND CONCLUSIONS 


6.1. The Argument for Presymptomatic Detection 


Here the use of qualifiers, e.g., "might", and "may", is dropped to emphasize 
the fundamental argument. Presymptomatic detection refers specifically to 
detection of late-onset AD. 

Intrinsic or acquired brain properties confer variable resistance to the effects 
of neuropathology, modifying whether and when that neuropathology is expressed 
as symptoms, changes in cognitive performance, or behavior. These properties 
include developmental factors such as original neuronal number and the extent of 
synaptic and fiber pruning during adolescence. Rates of formation and 
maintenance of synaptic connections and of myelination of nerve fibers are 
critical sources of normal variation both in development and the adult. 
Educational and other sources of cognitive stimulation also contribute to brain 
reserve by increasing the redundancy or multiplicity of brain associative 
connections formed during childhood and throughout adulthood. Genetic and 
epigenetic mechanisms underlie these developmental events and the synaptic and 
neuronal molecular mechanisms of learning in the adult, constituting a source of 
normal biologic variation in reserve. Genes for APP and presenilin known to 
cause early-onset AD when mutated are essential to this variation. As the brain 
ages, there is a slow loss of global GM volume and a focal loss of frontal WM, 
eroding this reserve. Normal intrinsic neuronal plasticity compensates for a 
portion of this erosion and, in successful aging, cognition is preserved into late 
life. 

AD neuropathology is present in significant amounts by at least age 50 years, 
and increases in intensity and extent despite preservation of cognition at this age. 
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Imaging evidence demonstrates presymptomatic alterations in brain function in 
this age range in persons at increased risk of AD, representing brain compensation 
for the presence of AD pathology. Typically after age 65, whether and when 
cognitive symptoms appear in persons who have a given level of pathology is 
determined by: (1) the variable level of reserve set by its several underlying 
mechanisms or (2) exhaustion of existing compensation, or both. The AD 
neuropathologic process itself may accelerate at this threshold. In this view, the 
appearance of symptoms marks a critical point where the future clinical trajectory 
is determined by AD and other pathologies; intrinsic reserve and compensation 
can no longer have significant effects. Even in the ideal circumstance where AD 
pathology is halted completely by specific disease-modifying treatment, other 
accumulating pathologies and age-related loss of brain substance can cause 
worsening. 

The situation with disease-modification in the presymptomatic period is 
different. Slowing of the AD pathologic process before symptoms appear delays 
their appearance even if mild, allows compensatory mechanisms to address a 
slower progression of pathology, and saves the reserve needed to offset the effects 
of other pathologies, e.g., microinfarcts. If neuropathology accelerates with age or 
onset of symptoms, early intervention has compound effects. 


6.2. Future Directions 


The program suggested to address these conclusions is to focus more 
attention on presymptomatic detection based on the promising early results in this 
field. We need to know more about human developmental events and their 
molecular underpinning from the perspective of their potential effect in later life. 
In particular, the role of genes associated with early and late-onset AD, e.s., APP, 
presenilin, SORLI and GAB2 in development should be further explored. We 
need to know more about the molecular events involved in normal adult synaptic 
plasticity and in related compensatory mechanisms, e.g., No-goA and the AD- 
associated genes. Further longitudinal imaging and clinical study of normal aging 
with continued follow-up into the MC transition is needed to discover alterations 
prior to symptoms that are invisible to present clinical methods. 

Excellent and laudable efforts are ongoing in many of these areas, but an 
organized focus from the perspective of late-life dementia is not always evident. 
Understandably much previous work has been devoted to characterizing 
symptomatic AD states, but some of the many brilliant minds behind these 
investigations could also advance the cause of presymptomatic detection for the 
reasons given here. 
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ABSTRACT 


This article reviews research on human brain, cognition, language, 
behavior, and evolution to posit the value of operating with a stable reference 
point based on cognitive accuracy and a rational bias. Drawing on rational 
emotive, cognitive behavioral and cognitive neuroscience on the one hand 
and a general brain model of frontal lobe executive function and working 
memory on the other, along with proposed language mediation of cognitive 
processes, this review yields potential implications for maximizing brain 
functioning of Homo sapiens. Cognitive thought processes depend on the 
operations and interactions of specific brain structures and networks, 
functioning more effectively under conditions of cognitive accuracy 
(including accurate information, thought process accuracy, and event-level 
accuracy). However, typical cognitive processes appear to promote the 
adoption and use of subjective cultural beliefs, mediated by language and 
grammatical habits mostly learned during early development. In turn, these 
grammatical habits tend to bias humans toward cognitive inaccuracies. On 
the other hand, a process that applies informed frontal lobe executive 
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functioning to the mediation of cognition, emotion, and behavior may help to 
minimize the negative effects of indiscriminately applied cultural belief 
systems, provide a naturalistic framework for future research and ultimately 
enhance cognitive accuracy as a reference point for evaluating humans while 
offering improved relative environmental homeostasis. 


Key words: neuroscience, rational, evolution, grammar, cognition, cultural belief 
systems. 


INTRODUCTION 


As an evolving species, Homo sapiens tend to use more primitive, inherently 
inadequate tools to measure the results of thought and behavior. Lacking 
awareness of how we use words to think and speak, and measuring our success by 
unquestioned cultural belief systems that we have accepted uncritically, we 
frequently fall prey to confusion, misunderstanding, and emotional turmoil 
(Browne & Keeley, 2007, pp. 182-5). Human cognition and behavior developed 
as a product of evolution, socialization, development, and language mediation, as 
proposed by Luria, influenced by Vygotsky (Luria, 1981, pp. 1-13) This article 
contends that application of components of accurate human mental functioning 
and evaluations, mediated by language, will enhance the probability of more 
successful, rational outcomes (Bailey, 2006). “Rational” as used here derives from 
cognitive accuracy and refers to purposeful cognition, evaluation, behavior, 
learning, and informed deliberation. Rational cognition promotes adaptive, 
pragmatic, practical, flexible decision-making matched as closely as possible with 
the present instead of the past. In this view, rationality does not imply finding or 
knowing a supposed single right answer, but rather recognizes that, lacking 
omniscience, we do best to prepare for a variety of possible outcomes and adapt 
readily when things do not happen as we would prefer. “In forming opinion about 
future events, [rational expectations imply] the use of all available information to 
assess the probabilities of the possible states of the world. More simply, [rational] 
expectations [are those] that are as correct as is possible with available 
information” (Deardorff, 2006). Such flexibility is preferable to “irrationality,” 
used here to refer to behavior that is rigid and reactive, especially cognition 
oriented towards learned rather than learning behavior, and based on belief rather 
than evidence, 1.e., operating with outdated non-contextual information containing 
unexamined cognitive inaccuracies that promote incongruent stimulus-bound 
event-level reactions and primitive objectification. 
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BRAIN, BONDING, LANGUAGE, CULTURE, AND EVOLUTION 


To understand normal human brain functioning and cognition, it may be 
helpful to distinguish independent variables among organisms, especially between 
mammals, higher primates, and human primates. What are the variables and how 
do they affect the species? What does this mean to us as Homo sapiens? The 
largest obvious difference between humans and other primates is the unique 
prefrontal cortex (PFC) that supports language (Broca, 1877). Subsequent to this 
distinction, as far as we know, we have more words than any other species 
(LeDoux, 2002, p. 198). Likewise, words and language make up the largest 
differences among human populations, forming the basis for relationships and 
individual cultural belief system values (Luria, 1981, p. 6-7). Humans innately 
seem to express social attributes for relationships at many levels (Panksepp, 1998, 
221-99). Relationships depend on interactions between individuals including 
cooperation and coordination. These interactions in turn usually depend largely on 
communication (Cacioppo & Berntson, 2004, p. 978). Faulty, or inaccurate, 
communication tends to have an adverse effect on relationships at all levels. 


Bonding and the Limbic System 


We share many of our brain attributes with other primates, particularly our 
limbic system, which contributes to our lower-level emotional cognition. We can 
trace the large variation in socialization among species to the differential 
distribution of oxytocin and arginine-Vasopressin (avp) receptors and the 
pathways that enable bonding, attachment, affiliative behavior, and creation of 
cohesive groups (Insel, 1997; Bartels & Zeki, 2004; Young & Wang, 2004; Fisher 
et al, 2002; Cho et al, 1999; Lim et al, 2004). These oxytocin and avp attachment 
receptors support the bonding cascade that mediates reward pathways in the 
ventral tegmental area (VTA), demonstrating associations with the nucleus 
accumbens, bed nucleus of the stria terminalis (BNST'), and interstitial nucleus of 
the posterior limb of the anterior commissure (IPAC) (Heimer et al, 2005, pp. 61- 
65). These reward pathways add a positive emotional valence, or value, to 
bonding and affiliative behavior, mediated (at least in part) by a positive shift in 
VTA dopamine and probably endogenous opioids (Panksepp 1998, p. 263). These 
pathways appear to overlay lower-level limbic reinforcement and pain pathways 
identified in mammals and other primates (Tranel, 2000, p. 218). This suggests an 
evolutionary adaptation of social behavior to preexisting limbic and somatic pain- 
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reward pathways. (See Caldwell & Young, 2006, for a review of oxytocin and 
vasopressin.) 

Unbonding, rejection, social disapproval, or exclusion from social groups 
(Cacioppo & Berntson, 2004, p. 983) can induce a negative limbic valence, or 
value. Threats to attachment or approval may produce emotional pain, jealousy, 
anger, aggression and violence (Insel, 1997). This negative valence appears to 
correlate with increased amygdala activity. Studies show that the stress induced 
by detachment or disapproval triggers bereavement-related syndromes, correlated 
With an increase in stress hormones, corticotrophin releasing factor (CRE), and a 
decrease in brain-derived neuronal growth factor (BDNF). Other mammals also 
express increased CRE associated with social defeat and subordination (Ferris, 
2006, p. 167-8). This increased CRE in turn correlates with increased amygdala 
activity and possibly with the downshifting of cognition to implicit limbic and 
automatic striatal pathways, with decreased PFC and hippocampal volume 
coupled with diminished executive cognition and attenuated memory. These 
symptoms echo those of anxiety and depression, sometimes leading to anger and 
aggression (Panksepp, 1998, p. 205). Shifts in the limbic bonding axis have a 
dramatic impact on emotional homeostasis, rewarding bonding, affiliation, and 
approval, while punishing detachment and disapproval. In social animals like 
human primates, this fundamentally influences cognition, emotion, and behavior 
(Nair & Young, 2006). 


Differentiation, Language, and Socialization 


While inter-species social behavior in non-primates and primates may range 
from very similar to very different, among primates the habit of language 
distinguishes human primates from our close primate relatives. “Human language 
offers replication machinery for unlimited cultural evolution”, possibly, 
“representing the biggest invention of the last 600 million years” (Nowak, 2006, 
p. 249-50). Similar to many social species, humans normally appear to share a 
genetic predisposition for relationships. For us, however, the innate tendency to 
bond and affiliate is intimately associated with cultural belief systems, mediated 
by language (Panksepp, 1998, p. 245). This underscores the importance and 
impact of language and communication on relationships, thought, emotion, and 
behavior (Damasio, 2000, p. 17). 
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Cultural Belief Systems 


The human ability for complex language, formulations, thought, and verbal 
communication helps define our social interactions (Grafman, 2002, p. 298; 
Mitchell et al., 2006, p. 63; Risberg, 2006, p. 8-7). Words, grammar, and language 
support cultural belief systems, which form the major independent variable among 
normal humans (Luria, 1981, pp. 205-9). Normal human brains exhibit relatively 
consistent form and function across cultures (LeDoux, 2002, p. 231), but cultural 
belief systems differ, sometimes dramatically (Whorf, 1956, p. 221). We 
implicitly learn the structure and rules of what we think and how we think from 
the culture that we grow up in (Nowak, 2006, p. 263). In other words, 
communication of cultural belief systems depends on hand-me-down semantics 
and grammar, which vary from culture to culture (Sapir, 1949, p. 162). Language 
identifies and defines cultural belief systems and represents a distinguishing group 
characteristic, directly affecting the thoughts, emotions, and behavior of the group 
(Adolphs, 2006, p. 269-74). 

Cultural belief systems and groups frequently overlap or contain subgroups, 
but a prerequisite set of beliefs usually determines membership. These systems 
form within social groups due to our inherited propensity for bonding and 
affiliations. We find unique belief systems at all scales: individuals, small groups 
such as families or affiliations, and large groups such as entire societies or states. 
The rules they embody for the group, regarding thought and behavior, usually 
pass down from elder members and define the particular belief system. Because 
the rules and beliefs have direct impact on thought and behavior, they also have a 
dramatic effect on emotions. 


Language, Semantics, grammar, and Cultural Variance 


We may assume that a person born and raised in a particular cultural belief 
system would think, feel, and behave differently than one born elsewhere, not 
because their brains differ but because they internalize different cultural beliefs 
(Benjafield, 2007, p. 237; Thompson-Schill et al., 2006, pp. 178-9; Vygotsky & 
Luria, 1993, pp. 230-31). Even though they share basic human emotions, they will 
react differently to stimuli based on culturally defined values (Browne & Keeley, 
2007, p. 53-69). Words culturally bind our thoughts, our beliefs, and subsequently 
our behaviors and emotions in a wide range of circumstances (Phelps, 2004, 
p.1008). Since cultural belief systems rely heavily on semantics—the use and 
meaning of language—one might also conclude that the use of semantics and 


90 Charles E. Bailey 





grammar figure as the largest independent variables in understanding human 
cognition and interactions. 

These insights highlight the tremendous impact grammar has on emotions, 
behaviors, and perceptions across cultures as well as between individuals (Boyd & 
Richerson, 2005, p. 206). Semantics directly affects most aspects of human 
experience, including cultural belief systems, cognition, emotions, behaviors, 
evaluations, perceptions, affiliations, pair bonding, bonding mechanisms, social 
interactions, and even aggressive behavior. It seems reasonable and appropriate to 
account for this by constructing more naturalistic research designs for 
investigation of human brain function and behavior (Benjafield, 2007, p. 32; 
Grafman, 2002, p. 293; Delgado, 2007, p. 64; Giesbrecht et al., 2006, p. 104). 
This will require integration among many fields of science (Roepstorff, 2004, p. 
1115; Norris & Cacioppo, 2007, p. 85; Edelman, 1992, p. 252). 


Integration of Semantics and Grammar, Biases, and Cognition 


Naturalistic approaches seem especially suited to studies assessing complex 
influences such as the role of higher-order brain functioning on beliefs 
(O’Doherty et al., 2007, p. 46) and ultimately, on accurate cognition and behavior. 
Humans have a highly developed frontal lobe system that, along with semantics 
and grammar, allows for higher-level executive functioning (LeDoux, 2002, p. 
197). Even though cognition relies on measured integration of lower-level limbic 
and automatic cognition (Tranel, 2002, p. 351), the higher-level executive 
function and higher-order working memory are in a position to have the last word. 
Higher level and higher order as used here refer to executive functioning 
(DLPFC) with capacity for flexibility, explicit objective evaluations and 
abstractions, as well as considered thought and decision making. We can describe 
many higher cognitive processes as symbolic processes, including memory, 
attention, imagery, ideation, concept formation, generalization, abstraction, 
problem solving, thinking, reasoning, and planning (Logothetis, 2004, p. 849). 
Lower level and lower order as used here denote more rigid, automatic, stimulus- 
driven, or subjective emotional limbic appraisals and subjective implicit automatic 
cognition (Benjafield, 2007, p. 44-5, 51, 264-7, 307-9; Frith, et al., 2004, p. 265). 
This nomenclature allows for parsing of higher level and lower level brain 
function relative to grammar and cognitive accuracy (see Table 1). In human 
primates, language supports the option of making decisions based on reason rather 
than emotions. The last—and possibly the most influential—<step in cognitive 
processing uses information abstracted from our personal history (Stuss et al. 
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2001, p. 102). This information embodies the relative values of our personal 
cultural belief system that ultimately biases our choices and their consequences. 

From culture to culture, semantic structure, grammar, and the use of language 
vary. The potential for higher-order abstractions appears enhanced in 
sophisticated cultures, and this potential seems associated with more highly 
developed language and advanced education. The processing of complex 
information gives rise to abstractions mediated by language (Luria, 1981, pp. 26- 
30). Abstractions range along a cognitive gradient from subjective to objective, 
depending on the degree of rationality of the grammar and processing. Across 
cultures, semantic, grammatical, and linguistic structural gradients range from 
dichotomous to multivariate, concrete to abstract, simple to complex, and few 
words and concepts to many. Language that supports more complex and abstract 
thought, at least in theory, seems to impart a cognitive advantage to Homo 
sapiens, “the human that knows they know” (Risberg, 2006, p. 3). By supporting 
higher-level abstract abilities, language provides the tools with which to think 
about how we think. Increased use of these higher-level abstract expressions of 
“thinking about thinking” apparently evolved fairly recently, around the sixteenth 
century or after (Benjafield, 2007, p. 235). This in turn allows us to discover the 
more objective, abstract principles of science that can lead to a more accurate 
understanding of the natural environment, human thought, emotions, and behavior 
(LeDoux, 2002, p. 176). This scientific understanding then forms the basis for the 
generation of a cascade of more accurate information for logical problem solving 
and appropriate objective decision making. Science offers a system for locating 
knowledge along a subjective-objective spectrum of classification. This 
distinguishes the subjective knowledge of cultural beliefs, what we assume we 
know, from objective scientific knowledge, what we can demonstrate We Know. 

When it comes to understanding humans and the human brain, it also seems 
important to consider the significance that semantics, grammar, and the resulting 
beliefs and biases have for human evaluations and interactions (Jones, 1998, p.14- 
23). Brain Research lags in consideration of the subjective cultural bias of 
semantics and language, and it rarely accounts for the relative semantic and 
grammatical accuracy of cultural belief systems and their relationship to thought, 
emotion, and behavior. Perhaps the relationship often goes unnoticed because we 
implicitly take our own belief systems so much for granted. The automatic 
semantics and grammar of our cultural belief systems lie at the center of our 
oldest and most strongly registered memory traces. They mostly operate 
implicitly—their day-to-day causal effects generally invisible to us—and we often 
take them at face value, without notice or challenge. 
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Table 1. Inaccurate versus Accurate Bias 





Lower Level Inaccurate Irrational Bias 


Higher Level Accurate Rational Bias 





Faulty rigid assumptions; dogmatic beliefs, 
unsupported by facts, but stated as 
unquestionable “truths of the Universe” with 
questioning prohibited, “superstitious”? 
ritualistic thought and behavior that promotes 
mind-brain dualism, subjective abstractions 


Rational flexible assumptions stated as 
theories;  hypotheses and conclusions 
supported by evidence, scientific testing, and 
mandatory questioning, “scientific” adaptable 
thought and behavior, mind = brain = 
mind/brain, objective abstractions 











Rigid, maladaptive, with  lower-level Flexible, adaptive, with higher-level objective 
subjective bias, vertical subordinate bias, collateral communication 

communication 

Absolute, static bias: certain, “determinate,” Variable, dynamic bias: uncertain, 
guaranteed “probability, ” not guaranteed 

Cognition using dichotomous grammar limits Cognition using  multivariate grammar 


freedom of executive function 


expands freedom of executive function 





Veridical bias: true and false, either-or, 
absolute,  concrete, black and white; 
constrictive and restrictive, not contextual 


Associative bias: abstract, gray, gradated;: 
expansive and extensive, contextual 





Predetermined certainty, all knowing, resulting 
in decreased frontal lobe requirements: 
“afrontal” 


Relative uncertainty, inquisitive, resulting in 
increased frontal lobe requirements: “frontal” 





Parental, demanding; adversarial 


Adult, requesting; cooperative 





Semantic inaccuracy: vague, poorly defined, 
with overgeneralizations: always, never, every, 
all, none, etc. 


Semantic accuracy: specific, best definition 
and word use: frequently, infrequently, many, 
some, few, etc. 





Rigid, implies no other choices: I should, I 
must, I have to, I need to, and I have got to. “7 
am obligated” 


Flexible, implies choices; preferential: I prefer, 
I would rather, I would like to, I choose to. “/f 
is a choice” 





Tends to ignore inaccuracies of information, of 
thought process, and of  event-level 
orientation; retroactive, “reactive” 


Tends to promote accuracies of information, of 


thought process, and of  event-level 
orientation; forward-thinking, proactive, 
“considerate” 





Inaccuracies and faulty assumptions promote 
faulty and inaccurate cause-and-effect 
conclusions 


Accuracies and rational assumptions promote 
more plausible and more accurate cause-and- 
effect conclusions 





General unawareness of irrational cognitive 
process “Cultural belief system anosognosia” 


rational 
belief 


General awareness of 
process and “Cultural 
awareness” 


cognitive 
system 
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Indeed, we simply and spontaneously tend to accept the grammar and beliefs of 
our culture as factual (Benjafield, 2007, p. 400). Unexamined inaccurate cultural 
beliefs, however, directly contribute to the mechanical use of inaccurate 
information along with rigid, dichotomous inaccurate cognition (Hooker & 
Knight, 2006, p. 317). 


Evolution of Grammar 


Human grammar contains many hidden, habitual attributes that directly affect 
our cognition, but we use them on a daily basis without inspection or 
consideration of reliability or accuracy. These hidden features include primitive, 
unscientific, subjective, and  over-generalized object classifications, 
categorizations, groupings, and labeling. A relative comparison of language 
“grammar” equivalents between mammals, other primates, and human primates 
shows many similarities in basic object-action cognitive processing, 
demonstrating the high level of evolutionary conservation in mammalian brains. 
Brain areas for object-action cognition tend to function similarly in mammals and 
other primates, providing representations of stimulus pattern characteristics 
including object identification, object spatial location, and limbic mediated object 
risk-reward contingency value including evaluating intention of animate objects. 
However, human primates possess large visual and auditory association areas that 
represent recent evolutionary development for specialized vision and language 
processing networks. Theories of innate universal grammar postulated in 
linguistics may have derived from observed pattern recognition functions in the 
object-action-intention predisposition in mammals, primates, and human primates 
to the relative evolutionary conservation of brain function (Hauser, Chomsky & 
Fitch, 2002). However, a usage-based approach used here seems to offer a simpler 
model with more ecological validity for cross-cultural grammatical appraisals 
(Tomasello, 2004, pp. 642-S); Luria, 1981, p. 6), especially relative to evaluating 
the functional differences between multivariate and dichotomous grammar. 

Language incorporates the skills of speech and grammar to provide a basic 
substrate for higher-level object and action description and identification, 
cognitive and emotional processing, and communication. Grammar also 
incorporates other sensory components, adding further descriptive value to 
stimulus object-action perception. Other primates have rudimentary language 
components but lack the sophistication of human syntax and grammar leaving 
their communication literal and mostly inflexible by comparison (Mesulam, 2002, 
p. 19). Mammals including other primates rely on sensory information to regulate 
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environmental homeostasis, while limbic components provide valuable subjective 
risk reward contingency, information for actions. Homeostasis relies on feedback 
to maximize adaptation over time. This feedback may largely depend on 
semantics and grammar in humans. We have the benefit of words and grammar to 
assist in evaluating object salience and intention, contingency value, as well as 
action choice and planning. Contingency implies prediction. Prediction of 
causality requires awareness of the contingency between the intention and the 
action and between the action and its consequences (Portas et al., 2004, p.288). 
The accuracy of this awareness would seem pertinent for obtaining the most 
objective evaluations. Rigid limbic-driven imperatives dominate most other 
animals (Mesulam, 2002, p. 19). It seems that in humans, even though we have 
the added flexibility of our more sophisticated brain, we often simply augment or 
replace the limbic imperatives with rigid subjective semantic imperatives, 
especially regarding our subjective inferences and perception of the intentions of 
others. Humans have the option of lower level subjective limbic evaluations and 
higher-level objective evaluations not afforded to other mammals. 

Vision and visual processing occupies a large part of the human brain. The 
addition of grammar creates value by providing a mechanism for parsing the 
categorization of environmental stimuli into discrete categories of objects, groups 
of objects, intentions, and actions (Nowak, 2006, p. 251-2. Vision plus grammar 
maximizes environmental object detection, subsequent labeling, and 
identification. Auditory detection and processing provides value, especially 
regarding the listening component of communication. The addition of grammar to 
motor function, the evolution of speech, and later writing, provided important 
components of communication. Symbol use and speech probably evolved around 
50,000 to 100,000 years ago, while writing most likely evolved within the past 
4,000 years (Striedter, 2005, p. 312-13). It seems to follow that early in language 
evolution, oral communication provided the major component of cultural 
transmission of information. Since this predates writing, story telling by 
narratives, influenced by implicit and explicit recollections and emotions, most 
likely provided the medium for informing each new cultural generation (Siegel, 
1999, p. 333). In many cases, cultural belief systems, anecdotes, magical 
interpretations, myths, and story telling continue to trump scientific facts and 
statistical probability. This might also explain the prevalent human propensity to 
rely on primitive dichotomous grammar constructs and imprecise pattern 
recognition principles supported by superstitions, primitive rituals, over- 
generalizations, faulty subjective information, and faulty cause-effect conclusions 
(Vygotsky & Luria, 1993, pp. 138-9). 
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Cognition, an important piece of the human brain function puzzle, in large 
part relies on grammar. Evolutionary theory suggests that we benefit most as a 
species by achieving and maintaining consistent homeostasis with our dynamic 
environment. Furthermore, we can assume that we achieve the most effective 
object categorization and recognition, which guides our subsequent actions, by 
integrating and processing information pertinent to our event-level relationship 
with our environment. From this, we can conjecture that human long-term overall 
survival and success might depend on our ability to obtain the most accurate 
identification of objects and stimuli and the most accurate internal information 
about object relationships, and to process this information with the most accurate 
processing rules we can develop. To the extent that we can do this, we learn to 
make the most accurate assessments and devise the most reasonable methods for 
integrating variables involved in problem solving, for developing reasonable 
strategies, and for choosing the best actions to achieve a desired goal. 


Evolution of Subjective Cultural Classifications 


We might assume that language and grammar have evolved over evolutionary 
history as an adaptation for maximizing homeostasis of Homo sapiens With its 
environment, which includes other Homo sapiens. The phylogeny and ontogeny 
of words and grammars across cultures and history appear to offer some clues to 
the evolution of this adaptation. Words as linguistic symbols adapted by humans 
have evolved along side the social culture, as the defining language of the culture 
and the concomitant cultural belief system. The conventional usage learned by 
children includes the words and formulation forebears found useful in the past. 
Grammars evolve over many generations as our ancestors developed words, 
meanings, and grammar structure in response to changing environmental factors 
over time. This evolution developed from concrete utterances and symbols 
operating through cultural historical processes, rather than biological ones. 
Grammars passed along to subsequent generations, succeed as a product of 
familiarity, exposure, and the potential practical value they afford each new 
generation (Tomasello, 2005, p.13). 

We might expect that the higher-level skills of more accurately identifying, 
manipulating, and interfacing with objects and other Homo sapiens in our 
environment would provide humans with survival benefit. Language offers a 
socialization advantage unique to humans, enhancing our ability to communicate, 
share information, plan actions, and understand the intentions of others (Risberg, 
2006, p. 10). Nearly all language provides nouns for referentially labeling objects, 
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and verbs for predicatively labeling actions or behaviors. It seems to follow that 
the more accurately we describe objects and predict their likely actions, the 
greater our ability for conceptualization of abstract representations. This improves 
our decision-making abilities, which in turn confers a greater adaptive advantage. 
Complex languages that enable much more objective higher-level abstract 
formulations would seem to offer an even greater adaptive value. However, as 
grammars become more complex and abstract, they can become less precise, with 
a potential for increased variance and errors. The importance of error monitoring, 
detection, and correction then increases. This suggests that assessments of 
abstractions based on accuracy might offer more precision and fewer errors, 1.e., 
more objective, scientific abstractions versus more subjective abstractions. 
Language evolved from primitive nonliterate cultures dominated by 
uninformed abstractions and subjective ways of knowing, and language still 
appears to convey some of that imprecision in cultures that continue to cling to 
subjective beliefs as facts. Science represents the other end of the knowledge 
spectrum, as demonstrated by the acceleration of more objective knowledge, 1.e. 
scientific facts and technological advancements. The continuing dynamic seems to 
highlight the opportunity for rational intervention and the establishment of a more 
accurate reference point for measuring the objective descriptive precision of 
grammar, semantics, and abstract conceptualizations. Many of the abstractions 
humans use on a day-to-day basis fall into the category of subjective abstractions 
with inherent inaccuracies and irrational biases. Objective abstractions, on the 
other hand, use scientific principles and critical thinking skills to maximize 
accuracy, resulting in a more rational bias. This distinction, between cultural 
subjective categories and processing versus scientific objective categories and 
processing, offers a potentially beneficial reference point for human evaluations. 


Ontogeny and Phylogeny of Grammar 


How could humans evolve such a powerful dynamic evaluative capability as 
the human modern brain and continue to operate largely on primitive subjective 
evaluations? Infants begin their interactions with the world with generalized 
expressions, gestures, and utterances including cries, grunts, and coos. These and 
the concomitant facial expressions represent the primary form of communication 
With caregivers. Over time, infants begin to add single words and abbreviated 
short word phrases, as they master the naming of objects and actions, leading 
eventually to predication. 
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Verb development usually follows noun development. Labeling objects with 
names appears to help the child master the environment, and children seem biased 
toward using any new word as an object name (Bloom, 2002, pp. 92-9). After the 
child learns to use verbs and later to construct whole phrases, this functional 
vocabulary provides the foundation for the exponential growth for grammar 
development. Even in nonliterate cultures, the selection of objects to label reflects 
the linguistic ideology of the culture. Children apparently learn most of their early 
vocabulary simply by listening to the conversations around them. This applies 
particularly to preliterate children and to older children and adults in nonliterate 
societies (Bloom, 2002, pp. 118-9, 192). Much of this early vocabulary represents 
the building blocks of the background cultural knowledge and categories that 
structure and determine word meanings for abstractions related to space, time, 
causality, objects, intention, and possession (Tomasello, 2006, p. 54). This 
cultural knowledge also appears to bias the cultural frame of reference used in 
various other representations (Bloom, 2002, p. 247). 

Children deduce early in language development that when adults refer to 
objects, they do so in terms of whole objects (Bloom, 2002, p. 92), i.e. they tend 
to over-generalize. À major part of human linguistic competence involves 
mastering by rote many routine formulas, fixed and semi-fixed expressions, 
idioms, and frozen collocations that objectively have somewhat unpredictable or 
inconsistent meanings (Tomasello, 2006, pp. 101-2). In many languages, 
including English, these expressions represent templates that, when used in 
conjunction with a coupler, can generate an almost infinite number of culturally 
subjective abstractions. À common grammar component across many languages is 
the copula, or coupler. In English, the verb “to be” represents the primary copula, 
and its use appears early in development (Tomasello, 2006, p. 255). 
Unfortunately, despite its ubiquity, “to be” is generally insensitive to pattern 
specificity, time specificity, and context specificity, which makes it very useful 
for subjectively over-generalizing labels but at the cost of reduced precision and 
distorted perceptions. 

The utility value of the predicate form of “to be” encourages subjective 
generalization of behaviors (actions) to objects. This allows indiscriminant 
objectification of dynamic processes by semantically converting any subjective 
condition into a seemingly objective noun (1.e., we can say, “He is a failure,” 
instead of saying, “He failed at this particular effort” or “She is bad,” rather than 
“She acted badly last night”). The verb “to be” represents great utility as a very 
handy general label-making tool. In light of this generalization utility, “to be” 
might represent the basis for primitive verb evolution. Cultural labels often 
represent subjective, discriminatory, rigidly held prejudices, biases, and habitually 
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defended beliefs, supported in lieu of objective scientifically derived 
classifications or alternatives. Objectification, or subjective labeling of humans or 
groups of humans as objects, presents a biased, usually derogatory “image” of 
those humans. Human adults and infants reflect this bias (Bloom, 2002, pp. 93-4). 
Other evidence suggests that the mere presence of labels may encourage people to 
exaggerate differences between groups (Bloom, 2002, p. 254). 

Cultural belief systems also rely on prescriptive, imperative, rigid, 
authoritarian, and sometimes intimidating auxiliary verbs, or “helping” verbs 
(should, must, have to, need to, ought to, got to, etc.) that do not convey 
contextual specificity. Descriptive verbs describe the reality of the world, while 
prescriptive verbs describe how the world should be, usually based on unspoken 
assumptions. Unfortunately, prescriptive verbs usually express a subordinate 
frame of reference bias held by the should-er, but not necessarily known or 
accepted by the should-ee. “Need” is often overused subjectively. Humans need 
food, water, shelter, and air to survive. We may want or desire other things but 
they hardly meet objective criteria as needs. Many of these prescriptive and 
imperative verbs represent arbitrary cultural artifacts that deftly sustain the 
cultural belief system and exclude rational choice or consideration of reasonable 
choice-outcome paradigms. Each decision has many choices and variable 
consequences. Prescriptive and imperative statements demand a predetermined 
choice, With insensitivity to awareness or consideration of the context or the 
nature of the decisions and the probable outcomes involved (Capaldi, 1987, p. 17). 
Prescriptivism supports dominance grammar and consequently supports and 
sustains cultural belief systems. 

Factitive and causative verbs combine a direct object and a phrase to apply a 
certain characteristic or a change in status to an objective complement. One such 
verb, “to make,” works hand in hand with prescriptive statements. “You make me 
sad, you made your father angry, you made me act that way.” These subjective 
verbs enable an individual or group to transfer to others the responsibility for their 
own thoughts, emotions, behaviors and choice-consequence outcomes. Factitive 
and causative verbs probably made sense historically in the primitive evolution of 
grammar, language, culture, and learning. Perhaps due to their social utility, they 
survive even in well-educated cultures by providing a vehicle for maintaining 
cultural belief systems and superstitions, transferring responsibility, and blaming 
of others. 

Humans also often apply faulty knowledge and confuse coïncidence or 
correlation with cause and effect (Skinner, 1953, p.84-5). We learn these habits as 
children, by listening to the conversations of adults. Unfortunately, “children 
aren’t like scientist who have theories; they are like scientist before they have 
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theories, trying to make sense of some domain they know little about” (Bloom, 
2002, pp. 168-9). Children physically grow into adult humans but generally retain 
their subjective cultural belief system biases. Science requires inferences based on 
scientific inquiry with objective observation, and correlations with statistical 
probability. “Science attempts to find out how things really are, not just how they 
appear to be.” (Bloom, 2002, p. 169) Subjective cultural belief systems often 
result in this true or false, dichotomous grammatical underpinning to human 
cognition. 

Dichotomous grammar, consisting of veridical, either-or, black or white 
structures, continues this pattern of culturally learned conventions. Culturally 
derived dichotomous cognition automatically preempts objective, multivariate 
cognitive strategies for evaluation, even in adult humans. The verb ro be, 
imperative prescriptivism, and either-or cognition represent complementary 
candidates for the primary source of primitive dichotomous grammar evolution. 
Even though these habits become automatic and implicit in a sense, they can 
become apparent with ongoing effort and inspection. However, we have little 
chance of noticing them, finding them, or correcting them if we do not even think 
to look in the first place (Jones, 1998, p.33). 


Evolution and Dominance Hierarchies 


An evolutionary model seems to offer some plausible explanations for the 
relationships between culture and language. If we start with the assumptions that 
dominance hierarchies have historically supported the evolution of adaptability in 
human social systems, and that survival depends on group functioning, then it 
seems to follow that hierarchies controlled through reinforcement and punishment 
by dominant individuals or groups of individuals have historically conferred an 
adaptation for survival and reproduction. This applies to many other species as 
well as to humans. Indeed, in modern human interactions and language, we may 
still observe the slow evolution of these fundamental dominance features. If 
language and grammar have evolutionary characteristics, we might benefit from 
considering how these adaptations evolved. 

A language, in some ways, resembles a species, as it defines social groups. 
Within most species of languages, there is variety, and most large groups exhibit 
significant differences in dialects and colloquialisms. Greater descriptive variety 
and complexity in language and grammar can enhance higher-level abstractions 
and flexibility; in contrast, constricted or subjective dichotomous homogeneity 
shifts the speaker towards concreteness and rigidity. If descriptive complexity 
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enhances the potential of language features, including higher-level abstraction, 
and offers an adaptive value, we would expect to see languages with these 
features proliferating over time and becoming more dominant; indeed, this seems 
to be the case. Descriptive variety appears to endow language with this adaptive 
evolutionary trait of diversity, in much the same way that variety and diversity 
supports the natural selection processes described by Darwin in The Origin of the 
Species. 

This spectrum of linguistic and grammatical variety, ranging from 
concreteness to abstraction, represents various gradients used for cognition: from 
static thinking to plastic, rigidity to flexibility, dichotomous to multivariate, 
resistance to diversity and change to enhancement of diversity and change. We 
observe a similar evolution in organisms from single-cell simple systems to multi- 
celled complex systems, with each level of complexity usually enabling enhanced 
flexibility and adaptive value. Cultures tend to parallel this progression from 
simple to complex, brought about and supported in large part by complex 
language and grammar. If we apply evolution theory to grammar and social 
development, we may assume that the beliefs that helped our ancestors and 
parents reach the age of reproduction and produce offspring may, in a sense, pass 
on to their children as a inherited adaptive value, however rigid or inaccurate. 
When contemplating how languages and cultural belief systems could possibly 
demonstrate such rigid resilience over time, it helps to remember the span of 
human evolution represents a very brief time evolutionarily. In our earliest stages 
as humans, we most likely benefited from a strong sense of confidence in the 
historical success and survival of the group. In this brief window of social 
evolution, in some ways we see relatively small transmutations from rigidity to 
flexibility, while our brains have progressed biologically to the point where they 
can support abundant flexibility. The firmly ingrained language of social rules and 
beliefs, supported by rigid grammar structure, seems to impose impediments to 
change. 

Indeed, dominance hierarchies in humans—characteristic of our genetic 
inheritance and conditioned by our environment—have a large influence on this 
stodgy rigidity. Our brains contain hard-wired circuits for aggression, territoriality 
and competition for resources, dominance status, parental-familial-affiliation, 
defensiveness, and irritability (Wingfield et al., 2006, p. 180). These circuits 
represent a significant inertia and resistance to the evolution of more objective and 
rational language use that can replace our typical irrational, dominance-related 
expressions of aggression. From individuals to whole cultures, we see dominance 
and rigidity perpetuated by the grammatical language habits acquired in early 
development. Our learning mechanisms (including modeling, instrumental 
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learning, and associative conditioning) largely depend on implicitly embedded 
language and grammar, which makes it difficult for us to discover and overcome 
the inertia of our belief systems. This learning, supported by semantics, forms the 
basic template of what we believe and how we think for most of our lives. Our 
language and grammatical processes provide the vehicle for culture, social 
structure, and adaptation that, theoretically and potentially, enable us to operate on 
a gradient from a subjective irrational bias to a more objective rational bias. 
Culturally, we tend toward the former, while cognitive accuracy offers a way to 
move closer to the latter. 


Cultural Social Inheritance 


Through the mechanisms of genetics and learned belief systems, our thought 
and behavioral patterns reflect our personal, social, and cultural histories. 
Genetically, we inherit a basic blueprint for how our brains operate. Culturally, 
we acquire a blueprint for what we think, how we think, and for expected 
behaviors. Inevitably, as humans we inherit cultural beliefs representing a long 
line of learned and rigidly held subjective inaccuracies that bias our perception. 
Becoming aware of the potential inaccuracy of what we know, or think we know, 
allows us to make corrections and to think more critically. We measure cognitive 
accuracy by the relative distance or gradient between the unexamined, 
inconsistent, and irrational yardsticks we have inherited and the validated, 
external, more reliable, rational reference points we have identified through 
science. The shorter this distance, the more objectively, rationally, and accurately 
we think. 

Most people contend they think accurately, rationally, and logically. 
However, they generally base their contentions on their own usually unexamined, 
inaccurate, and irrational frame of reference. For the most part, our individually 
inherited grammar and cultural belief systems subjectively bias our thoughts and 
perceptions, even of ourselves. This bias becomes apparent when compared with a 
rational reference point or standard (see Table 1). Awareness of this irrational bias 
opens the door to the adoption of standards with more objective accuracy and 
reliability, resulting in the potential for a more objective rational bias. 
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HUMAN BRAIN MODEL 


Neuroscientists sometimes describe normal human brain functioning in terms 
of a computer model (Avrutin, 2006, p. 49; Benjafield, 2007, p. 14-18; Braver & 
Ruge, 2006, p. 338-9; Neisser, 1967; Panksepp, 1998, p. 20; Shiffrin & Atkinson, 
1969; Toates, 2007, p. 17; Baum, 2004, p. 7). Our brain (hardware) comes 
initially from our inherited genetic blueprint; environmental learning makes the 
major contribution to our stored memory information (data), and grammatical 
process information (software) (Schmalhofer & Perfetti, 2007, pp. 180-81). The 
brain stores memories as information in various storage areas, similar to a 
computer’s hard drive. À portion of this storage contains grammatical templates 
for processing information—the rules of how we think, similar to computer 
software that determines how information is processed (Fuster, 2003, p. 55). Like 
computers, humans may acquire or develop faulty or pathological hardware, 
software, or data. Both computers and humans get the most accurate results with 
the most appropriate hardware, most up-to-date adaptive software, and as accurate 
and timely data as possible. This enables the most reliable choice-outcome 
conclusions at a desired point in time. Neither computers nor humans can produce 
satisfactory results with inaccurate, out-of-date data or faulty, inflexible software. 
We tend to build error detection into our computers, and to upgrade and install 
new versions of software as new information and technologies become available 
— it seems logical to look for ways to do the same with our own human brain 
computers. If instead we approach the brain as a black box with only input and 
output, we would most certainly have very much interest in the unknown 
processing going on inside the black box. Fortunately, we do have a growing 
knowledge of this processing in the human brain. The quality and precision of the 
output seems to correlate with the quality of our information and quality of its 
processing. With direct evidence of the adverse affects of irrational grammar 
usage on cognition, emotions, and behavior, we can abandon the ancient 
perception of the brain as a mysterious black box, and scientifically apply what 
we have learned about it to improve the way we make use of it. 


Frontal Lobe Integration: Executive Functioning and Working 
Memory 


The higher-level executive working memory (Baddeley, 2002, p. 246) of the 
brain’s frontal lobes (specifically, the integrated functioning of the dorsolateral 
prefrontal cortex (DLPFC), along with frontopolar cortex (FPC), Broca’s area, 
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temporal, temporoparietal and association areas, etc.) compares to a computer”’s 
random access memory (Mesulam, 2002, p. 26). The information the brain uses to 
make decisions with compares to the data stored in the computer. The DLPFC and 
FPC appear to play an important role in the integration of internal and external 
appraisals to adapt to changing conditions (Gazzaley & D’Esposito, 2007, p. 188; 
Risberg, 2006, p. 6; Wagner et al., 2004, p. 714) and with explicit empathy with 
others (Decety, 2007, p. 258-60; Ferstl, 2007, pp. 87-90). This dynamic 
integration of information enables critical error monitoring, error detection, and 
error correction. The left DLPFC plays a large role regulating language function 
and sequencing while the right DLPEC has more involvement with the processing 
of interpretations, inferences, and concepts, awareness of novelty, situational and 
emotional appraisals, as well as autobiographical memory (Schmalhofer & 
Perfetti, 2007, p. 184; Long et al., 2007, p.330; Tapiero & Fillon, 2007, p. 365; 
Siegel, 1999, p. 331). The OFC assists with a parallel role in mediation of 
emotion and object-affect associations (Mega et al., 2001, p. 23). 

The anterior cingulate cortex (ACC) appears to play a pivotal role in 
motivation-related error detection (Niv, 2007, p. 369), novelty/complexity 
detection and performance monitoring (Braver & Ruge, 2006, p. 322-24) by 
interfacing with the DLPEC and limbic, temporal lobe, parahippocampal gyrus, 
and automatic subcortical association pathways (Kaufer, 2007, p. 49-52). When 
automatic pathways offer incongruent motivational resolutions to homeostasis, the 
DLPFEC generates congruency. Over time, “congruence strategy” efficiency will 
benefit from up-to-date information, continual monitoring and improvement of 
error detection strategies and increased error resolution precision. Error correction 
may be enhanced deliberately and rationally, by updating the accuracy of 
perception 1.e. information, process, and event-level accuracy, or reflexively and 
irrationally, by explaining away discrepancies and preserving subjective beliefs 
and perceptions despite their inherent inaccuracies. Without frequent evaluation of 
the relationship between our behavior and the environment relative to reality, we 
can easily fall prey to stimulus bound reactive behaviors (Luria, 1966/1980). As a 
part of the broader network involved in adaptive decision-making (Lee & Seo, 
2007, p. 108), the DLPFC can conduct more objective, considered, and deliberate 
routine monitoring (Goldman-Rakic, 1995) of appropriate cognition, emotion, and 
behavior (Braver & Ruge, 2006, p. 321), perhaps enhanced by operating with a 
perspective biased toward accuracy and objectivity. This objective accuracy bias 
potentially offers improved error detection and correction with enhanced risk 
prediction (Preuschoff & Bossaerts, 2007, pp. 142-45). 

Even though the orbitofrontal cortex (OFC), limbic system, hippocampus, 
striatum, etc., play a critical and often parallel role in working memory and 
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decisions (Wagner et al., 2004, p. 709), “there is a hierarchy” (D’Esposito & 
Postle, 2002, p. 177; Curtis & D’Esposito, 2006, p. 295, fig. 9.8). “Executive 
functioning requires the integration of prefrontal and subcortical activity”, (Mega 
& Cummings, 2005, p. 18). Semantics, grammar, and language seem to 
contribute, directly or indirectly, to accurate cognition at each level. A series of 
parallel networks, including the subcortical cognitive pathways, provide 
information for executive decisions and explicit and implicit automatic cognition, 
allowing for adaptive interactions with environment (Chow & Cummings, 2007; 
Salloway & Blitz, 2002; Lichter & Cummings, 2001, Middleton & Strick, 2001). 
This hierarchy allows for top-down use and regulation of subcortical systems to 
enhance monitoring, and correction of contingent input-output incongruence 
(Stuss, et al., 2001, p. 101). An anatomical and functional viewpoint of these 
networks seems to offer some relevance for understanding this hierarchy. 

The frontal lobes comprise two basic anatomical and functional systems 
(Pandya & Barnes 1987), the dorsal system consisting of dorsolateral and medial 
portions of the frontal lobes, and a ventral system consisting of the orbital 
portions of the frontal lobes. The dorsal system has interconnections with the 
posterior parietal lobes and cingulate gyrus, and deals with sequential processing 
of sensory, spatial, and motivational appraisals of external environmental objects 
and stimuli (the where of the event). The ventral system has interconnections with 
limbic networks involved in regulation of internal homeostasis and emotional 
conjectures about perceived external objects (the what and why, or intention), as 
well as appraisals of stimuli salience, valence, and motivational relevance (Ogar 
& Gormo-Tempini, 2007, p. 59). The two basic divisions along with their two 
primary subdivisions are: 


e  DLPEC, providing executive functions of deliberate, explicit 
executive cognition/explicit working memory involved in processing 
higher-level cognition. The superior medial prefrontal cortex (a.k.a. 
ACC) functions as an automatic explicit/implicit integrative center 
for cognitive-behavioral (attention-motivation and possibly error 
monitoring) and emotional-autonomic-motor neural networks (Chow 
& Cummings, 2007, p. 25; Kaufer, 2007, p. 49). 

e _OFC, providing limbic regulation and ACC interaction involved in 
emotional integration of automatic, explicit/implicit, emotional 
working memory (medial OFC), including ventral striatal, medial 
temporal lobe (MTL), amygdala, hippocampus, and hypothalamus. 
In addition, the lateral OFC is involved in social working memory 
processing for emotional components of social motivation and 


Sematically Mediated Integration of Cognition in Homo Sapiens 105 





cognition (Chow & Cummings, 2007, p. 30-1; Salloway & Blitz, 
2002, p.10; Mesulam, 1985). 


Each of these systems may contain subsystems along with accessory parallel 
frontal-subcortical circuits (FSC), consisting of cortico-striato-pallido-thalamic- 
cortical loops. There have been at least five to seven proposed general loops 
including skeletomotor, oculomotor, dorsolateral prefrontal, anterior cingulate, 
lateral orbitofrontal, medial orbitofrontal, and possibly inferotemporal/posterior 
parietal (Alexander et al., 1986; Middleton & Strick, 2001). Each of these loops 
appears to be comprised of multiple parallel segregated circuits. These pathways 
offer multiple levels of parallel processing of information for cognition, emotions, 
and behavior, including extrapyramidal, motor, and speech systems probably 
including rule-based cognitive processing (Poldrack & Willingham, 2006, p. 130- 
1). The basal ganglia have direct input from the large association cortex in the 
parietal, temporal, medial, and frontal areas, as well as the hippocampal formation 
and the amygdala. There is also large outflow directed towards the frontal cortex 
via synaptic links in the thalamus, outflow to temporal and parietal lobes linked to 
executive functioning (Graybiel & Saka, 2004, p. 495-7) and open pathways to 
inferotemporal and posterior parietal areas. 

In addition, other pathways provide integrated reflexive, or innate, lower- 
level automatic, stimulus-response pathways, responding to potentially 
threatening stimuli, i.e. loud noise, fast movement, gestures, as well as to 
threatening facial expressions and involvement in reflexive empathy. The frontal 
lobes evolved to manage the pyramidal pathway and to implement cognitive 
decisions in adaptation to a dynamic environment by incorporating a wealth of 
sensory input, using higher cognitive function to prioritize that input, and 
choosing the most effective response, by ongoing evaluation of shifting priorities, 
initiating action, and monitoring its execution (Chow & Cummings, 2007, p. 38). 

The separate but parallel dorsal and ventral anatomical systems appear to 
represent two functionally distinct hierarchal networks relative to objective higher 
level DLPEC and subjective lower level OFC cognition respectively. ‘Executive 
cognitive functions’ are defined as (and the term is limited to) high-level cognitive 
functions, believed to be mediated primarily by the LPFC (lateral prefrontal 
cortex), that are involved in the control and direction (e.g., planning, monitoring, 
energizing, switching, inhibiting) of lower level, more automatic functions” 
(Stuss, 2007, p. 293). Executive functions include the ability to solve a complex 
problem and organize a volitional behavioral response in a temporally informed 
manner. They also encompass the learning of new information, the systematic 
searching of memory, activation of remote memories, appropriate prioritization of 
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external stimuli, attention, generation of motor programs, metacognition, and 
probably the use of verbal skills to guide behavior (Chow & Cummings, 2007, p. 
29; Cummings & Miller, 2007, p. 15). Language, semantics, and grammar usage 
associated with these distributed neural networks may explain the integration of 
orbitofrontal/emotional and dorsolateral/cognitive processes and resolve the long- 
standing difficulties in the reconciliation of internal integration and processing of 
cognition and emotions, especially for higher order processes such as decision 
making and social perception (Gazzaley & D’Esposito, 2007, p. 190-1). 

The DLPEC modulates cognition and human environmental interaction from 
the top down via integration of externally driven information with internally 
represented information. The relative effectiveness of cognition seems to depend 
on the quality of external information received or perceived, and on the perceptual 
quality of information stored in long-term memory, including “beliefs” related 
directly to information, information processing, emotions, responsibility, and 
intentional perceptions of others (Gazzaley & D’Esposito, 2007, p. 192-7). 
Language may directly mediate the quality of cognitive integration as measured 
by objective accuracy. Executive functioning depends on the integrity of 
instrumental functions such as language (Cummings & Miller, 2007, p. 16). 
Semantics and grammar appear to act as the common denominator between 
higher-level executive functional networks and lower-level limbic system 
functional networks, supporting appraisals for the identification and perception of 
object/stimulus salience, emotional valence, actions, and reactions. 

Human evolution seems to have ‘“thoughtfully” overlaid semantic 
representations onto our cognition. Words and concepts bind to sensory 
information, creating a kind of a sixth sense—specifically, a semantic sense 
(LeDoux, 2002, p. 203). This allows language and grammar to provide a substrate 
for human cognition using words to assign values to stimuli, emotions, behaviors, 
perceptions, belief systems, etc. Culture provides the foundation for the 
development of values by grounding specific cultural beliefs in grammatical 
semantic usage, coupling words and beliefs with historically learned reward 
contingencies during development. Words have become a sense for detecting and 
coding predictive relationships among stimuli, objects, responses, and rewards. As 
such, words assign the relative emotional and motivational significance for the 
value of rewards and the anticipation of rewards (Phelps & LaBar, 2006, p. 432). 
These evaluations are automatically mediated by the OFC (Petrides & Pandya, 
2002, p.45-46) and depending on task demands, will often default to lower level 
automatic grammar habits managed by the striatal complex (Poldrack & 
Willingham, 2006, p. 134-40). Cultural beliefs thus underpin the fabric of human 
social interaction, by relying on learned, automatic implicit grammars that allow 
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speech to flow effortlessly. Mostly learned by implicit inductive inference in 
childhood (Nowak, 2006, p. 263), habitual grammar forms a silent, “ritualized” 
soundtrack for our adult cognition. 

Words and grammar give us a unique descriptive ability to encode 
environmental cues with the potential to maximize efficient usage of neocortical 
associations. Depending on task demands and stimuli, association mechanisms 
generally run implicitly and almost continuously in the background, evaluating 
object features and place associations, risk-reward associations, and past related 
choice-outcome associations. As complexity, novelty and unfamiliarity increase 
(Anderson et al., 2002, p. 505), and when higher-level abstract demands increase, 
the brain typically achieves more preferred outcomes by using the executive 
functions of the DLPFC and FPC (Curtis & D’Esposito, 2006, p. 293-95; Braver 
& Ruge, 2006, p. 330). However, in routine situations, lower level limbic and 
habitual cognition often suffices. 

The lower level OFC provides limbic regulation and valuable utility 
calculations (Glimcher et al., 2005) while monitoring somatosensory information, 
emotional valence, relative risk-reward contingencies, and social salience. It also 
contributes to inhibition of inappropriate responses (Rolls, 2002, p. 370). Except 
for the sophisticated language system, the human OFC somewhat resembles that 
of other primates. However, in humans, the OFC also automatically provides 
ongoing bottom-up regulation of the limbic system using the default semantics, 
language, and grammar from our cultural belief system, thus reinforcing the 
subjective social, neuroeconomic, and relative psychological values that define 
our cultural bias (Kahneman et al., 1982; Padoa-Schioppa & Assad, 2006). When 
subjective cultural belief system grammars are edited to operate more accurately 
(i.e., yielding a more scientific belief system), the bias shifts towards the more 
objective end of the value probability continuum, operating closer to the rational- 
cognitive end of the evaluation scale rather than the emotional-motivational end 
(Schultz & Tremblay, 2006, p. 195). 


Information Content and Information Processing 


The top-down executive functioning of the DLPFC likewise relies heavily on 
semantics, language, and grammar to perform critical integration of choice- 
outcome determinations and inhibition of inappropriate responses. The lateral 
prefrontal cortex enables greater complex abilities and flexibility in human and 
primate behavior (Striedter, 2005, p. 309). The newer higher level DLPFC adds 
the potential for more accurate rational thought onto the older lower level limbic 
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brain by enabling humans to reason (Panksepp, 1998, p. 20). Efficient prefrontal 
cognition relies on the quality of information received from other cerebral regions 
(Anderson et al., 2002, p. 506). While rigid cognitive inaccuracies can impede the 
discovery and executive execution of the most logical and reasonable decisions, 
shifting toward an accurate and rational adaptive bias enhances objective 
cognition, enabling more reasonable choices and outcomes, emotions and 
behaviors. In terms of the somewhat simplistic computer analogy, the DLPFC 
executive function, probably aided by information integration involving the FPC, 
has the capacity for objective appraisal, reappraisal and flexible editing, while the 
OEC is limited to subjective emotional-based read-write operations, or subjective 
contingency appraisal and reappraisal. Evidence indicates that task relevant 
semantic knowledge develops in a relatively automatic (bottom-up) fashion or in a 
more controlled (top-down) manner (Wagner, et al, 2004, p. 715) probably 
flexibly regulated by the DLPEC. The DLPEC sits at the top of the PFC as the 
captain of the ship, demonstrating a higher level of competency when provided 
with the resources of the most accurate and the most up-to-date information. 

Even though the limbic working memory can adjust responses, it does so 
primarily based on reward contingencies, reinforcement, and emotional valence 
spectra (Frith et al., 2004, p. 265). The OFC adds some subjective flexibility, but 
our ability to objectively change and integrate the accuracy of what we know and 
how we think relative to the environment depends most heavily on the reappraisal 
and edit functions of the executive DLPFC working memory. The DLPFC 
compares internal stored memories and habits with external, objective, up-to-date 
information, With the rational capacity to temper our cognition, emotional 
responses, and automatic behavioral and grammatical responses to stimuli 
(Mesulam, 2000, p. 93). The DLPFC has the potential to edit our culturally 
inherited grammar and provide improved cognitive accuracy for error detection 
and correction. In addition, the FPC (BA 10) appears to have strong connections 
With temporal areas that support auditory working memory (Barbas, 2006, p.51; 
Davachi et al., 2004, p. 670).It appears that, by holding information online during 
secondary task manipulation in working memory, the FPC supports DLPFC edit 
functions (Petrides, 2005). 

The DLPEC appears to have the ability to directly select or reject individual 
strategies and may possibly edit grammar through direct mechanisms. However, 
the edit function most likely relies on explicit DLPFC-initiated reentrant “working 
memory” rehearsal loops for corrections (Curtis & D’Esposito, 2006, p. 283). 
These loops develop by practice according to Hebbian rules (Hebb, 1949), and the 
information at some point becomes routine and then automatically provided 
“preferentially” by cortical association areas (Braver & Ruge, 2006, p. 328). 
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Corrections might also occur over time due to environmental contingencies, 
modeling, and instrumental and conditioned learning. Cognitive therapies take 
advantage of this edit function by using explicit rehearsal to teach patients more 
advanced, and more accurate, cognitive strategies. This provides increased 
cognitive accuracy for making more rational decisions and adaptations in a variety 
of situations. The overall efficacy of this approach probably accounts for the 
increasing success and acceptance of rational emotive and cognitive behavioral 
therapies (Ellis & Harper, 1997, pp. vui-xiv; Beck, 1976, p. 4; Wright, 2004, pp. 
xv-xx). The corrective effect of the edit function on cognitive accuracy greatly 
enhances the probability that the higher-level objective executive functioning of 
the DLPFC will have the most rational last word in decision-making (D’Esposito 
& Postle, 2002, p. 177). 

The frontal lobes use stored processing rules for executive functioning, 
evaluating and prioritizing the available information to determine the best choices 
for reaching our goals. Declarative memory (1.e., information about how the world 
works, both subjectively and objectively) generally appears to be processed for 
storage by limbic system components, including the hippocampus (Duvernoy, 
2005, p. 28), which has significant connectivity with the amygdala (Mesulam, 
2000, pp. 2, 58-63). The hippocampus assists in encoding memories with place 
preference and the amygdala with the assignment of emotional valence (LeDoux, 
1996). This information includes semantic and grammatical memory, episodic 
memory, verbal memory, and biographical memory, along with the rigid rules of 
our cultural belief systems. Retrieved memories tend to return with the emotions, 
or limbic valences, that accompanied their initial storage (Phelps & LaBar, 2006, 
p. 430), albeit modified to some extent by our present emotional state and by 
time-related decay. This allows past learning to condition present experience and 
explains to some extent how our cultural belief systems rule us so tenaciously and 
with such strong emotions. Fortunately, we can ameliorate these subjective 
emotional reactions by evaluating and editing inaccurate grammar and cultural 
beliefs, including our faulty assumptions about the cause-effect relationship 
between thoughts and feelings (Ochsner, 2007, p. 107; 2005, p. 253). 


Cognitive Processing 


Words and grammar enable us to describe environmental cues, making 
maximum use of neocortical associations. The level of complexity relates to 
increased working memory demands. The ability of the frontal lobes to use 
working memory optimally depends heavily on the availability and quality of the 
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objective process information received from other cerebral regions (Anderson et 
al., 2002, p. 505) as well as accurate environmental perception. The frontal lobes 
function best with accurate and timely up-to-date information combined with 
accurate thought processes i.e., accurate data and the most appropriate, flexible 
software (1.e., how we think). Thinking uses process information for the 
assessment and integration of our internal learned information with external 
environmental information in order to regulate our interaction with the 
environment and maintain a probabilistic model of anticipated events (Raichle, 
2006, p. 13). The software enables the frontal lobes to process executive decisions 
and to help regulate our emotions appropriately and provide overall homeostasis 
(Malloy & Richardson, 2001, p. 128). 

Grammatical process memory (1.e., acquired and developed rules of thinking) 
directly biases not only how we process internally stored information but also 
how we perceive environmental information, cues and stimuli (Decety, 2007, p. 
284). Learned, rigid, dichotomous process rules preempt flexible thought 
processes and distort the accuracy of object identification and evaluation. As we 
might expect, rigid, inaccurate, irrational process information leads to inaccurate, 
irrational information processing, and this in turn yields inaccurately biased 
executive decisions. Faulty, inaccurate, rigid, dichotomous software bias tends to 
yield subjectively biased, inaccurate choices and outcomes, which thwart the 
flexibility offered by bhigher-order, multivariate executive  functioning— 
completing the cycle by reinforcing rigid cultural subjectivity. “No complex 
system can succeed without an effective executive mechanism, ‘frontal lobes.” 
But the frontal lobes operate best as part of a highly distributed, interactive 
structure with much autonomy and many degrees of freedom” (Goldberg, 20072, p. 
230). 


HUMAN BRAIN AND COGNITIVE DEVELOPMENT 


Where do inaccurate, irrational thought processes come from? How could we 
have learned our culturally inherited, faulty, inaccurate, irrational thinking without 
realizing it? As humans evolved higher-level brain structures, they underwent 
biological changes that freed them from the constraints of simplistic, concrete 
language processes and offered the potential for complex, abstract, associative 
reasoning, made possible by the dramatic evolution of the neocortex and frontal 
lobes. The capacity for improved frontal lobe reasoning evolved in humans 
alongside our development of semantics, grammar, and language skills. This same 
evolution from concrete thinking to the potential for abstraction occurs in an 
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individual’s frontal lobe development and connectivity as they grow from 
childhood to adulthood. Concrete thought processes evolve into more flexible, 
associative, abstract cognitive capabilities. During these developmental stages — 
towards puberty and into young adulthood—the frontal lobes continue to mature, 
with increased connectivity and myelination, especially in the DLPFC (Dennis, 
2006, p. 135). This development—along with language, learning, and education — 
increases the potential maturity of our decision-making skills (1e. executive 
functioning) and heightens our ability for cognitive awareness. The frontal lobes 
play a critical role in this process (Stuss et al, 2001, p. 108). 

An episodic increase in cortical pruning takes place in young adolescents 
around 11 to 14 years of age. This pruning appears to select out the least used or 
weakest neural connections to make room for the more focused information 
processing required for improved complex problem solving, social and sexual 
maturation. According to Hebbian principles (Hebb, 1949), the most used or 
strongest connections are preserved. Unfortunately, the strongest and most used 
connections in young humans tend represent the belief systems and associated 
rigid dichotomous grammatical processing information of their childhood culture, 
which may become even more firmly embedded in the memory storage of the 
young brain during this period. The timing of these changes may possibly serve to 
enhance the resiliency and persistence of these ingrained belief systems. 


Cultural Inheritance 


As we grow into adulthood, neural efficiency and connectivity to the frontal 
lobes increases, along with the increasing use of acquired information and 
grammatical processing rules to make executive decisions. We tend to use our 
acquired information as if it were factual (Jones, 1998, p. 46), automatically 
following rigid, dichotomous processing rules that operate outside our awareness. 
We erroneously tend to identify the first thoughts that come to mind as “facts” and 
then execute heuristic (arbitrary rules of thumb) justifications and prefabrications 
to explain away errors based on these “facts.” We implicitly assume good-bad 
relationships between words and reward contingencies learned during our 
personal developmental history. This may possibly contribute to locking in our 
cultural belief systems at the expense of more effective, higher-level executive 
functioning. We seem to favor irrational automatic rules over the acquisition and 
application of more accurate and up-to-date information. Our decision-making 
process tends toward a subjective, bottom-up frame of reference with our own 
personal cultural bias, driven by information filtered through our subjective 
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personal historical matrix, and distorted by the inevitable, implicit, grammatical 
inaccuracies embedded there. 

Our cultural bias not only reflects the ineffective cognitive habits and 
grammatical inaccuracies of our ancestors, it also represents the rigid, culturally 
biased misperceptions we inadvertently inherit from generations of unscientific, 
misinformed, and most often poorly educated elders. Our underlying beliefs 
derive in large part from their ritualized concrete thinking, faulty assumptions, 
coincidences imagined as cause and effect, superstitions, myths, magical thinking, 
etc. (Benjafield, 2007, pp. 321, 333-4). Because children have little experience 
with which to evaluate different concepts, they uncritically absorb whatever they 
encounter Without regard for its rational usefulness or accuracy. They implicitly 
and unconditionally absorb rules and information expressed as truths without the 
full benefit of mature executive functions. They tend not to question the factual 
basis of information, the logic of assumptions, or the reasonableness of 
conclusions, nor do they have the acquired grammatical framework to do so 
(LeDoux, 2002, p. 96). This results in a subjective discriminatory bias. In a sense, 
children are ‘“imprinted,” (Lorenz, K. 1965) blind to other possibilities 
(Benjafield, 2007, p. 267; Shilpa et al., 2007, p. 53). 


Information and Process Bias 


Concrete learning from early developmental stages tends to accumulate in 
memory-storage areas, along with the misinformation absorbed from cultural 
belief systems. The stored information usually reflects the dichotomous hierarchal 
processes of the parent-to-child interactions under which they formed. If their 
cultural belief systems remain unchallenged, adults usually exhibit parent-to-child 
authoritarian grammar characteristics in their thinking and interactions, with 
irrational, prescriptive and imperative demands such as should, must, have to, 
need to, etc. These parental, subjective, dichotomous demands typically “trump” 
multivariate choices and impede adults from taking responsibility for objective 
choice-consequence decisions. Even though the parent-to-child interaction style 
appears to have evolved to beneficially manage and control the child’s behavior 
until the frontal lobes develop, it unfortunately results in implicitly carrying 
irrational, dichotomous, authoritarian, parental thought and speech habits into 
adulthood. 
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Uncertainty and Deviation from the Mean 


This irrational thinking usually passes down through many generations and 
carries into adulthood in part because of our tendency to gravitate toward the 
familiar (Benjafield, 2007, p. 386) and away from the unfamiliar. Humans have a 
tendency to experience rewards, or gratification, for sticking with the familiar, and 
punishment, or anxiety, for venturing into the unfamiliar. From an evolutionary 
view, this makes a lot of sense, because the unfamiliar may represent a potential 
danger, while the familiar has at least theoretically been evaluated and found to be 
safe (Keller & Chasiotis, 2006, p. 277). Familiar events or those with outcomes 
we deem certain deviate very little from the mean, and as such, generally receive a 
positive valence with a higher probability of favorable outcome. 

Uncertain events can deviate significantly from the mean and usually receive 
a negative valence and a lower favorable probability value. This tends to give 
certainty the upper hand over the perceived ambiguity and unfavorable probability 
of uncertainty. This creates a problem for humans determined to cling to illusions 
of certainty in an uncertain world. However, irrational thinking and heuristics, 
commonplace rules absorbed from the dominant culture, magically repair these 
deviations from reality. We use heuristics that rely on faulty grammar and faulty 
logic to whitewash our errors and inaccuracies and to temper the inherent increase 
in error variance. This allows humans to alter their perception of reality to explain 
away any variance by clinging to the irrational certainty of their faulty beliefs. 
Unfortunately, the erroneous irrational perception that variance has decreased 
cannot mitigate the actual increase in real error variance and outcome 
imprecision. 

In a sense, the familiar represents comfort, and we human creatures favor our 
comfortable habits. Humans so favor the familiar that they will often tolerate a 
great deal of discomfort to hang on to it, sometimes enduring even catastrophe 
before they will consider the alternative of change, or deviation from the mean. 
Unfortunately, humans usually tend to err on the side of favoring the familiar and 
generally receive no logical framework or training to help us develop objective, 
reasonable, innovative methods for seeking rational alternatives. Indeed, many 
cultures actually punish attempts to promote cognitive accuracy, some very 
severely, because it challenges authority and cultural beliefs. This usually 
prejudices us toward choosing information based on habit, familiarity, and 
subordination rather than rational utility or applicability, regardless of what might 
represent our best interest from a more objective perspective. 
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Authoritarian Communication 


Due to the parent-child environment in which they learned these concepts, 
most adults implicitly continue to use the familiar parental cognitive process in 
their adult interactions. This hierarchy of communication is authoritarian, vertical, 
and one-way (parent-to-child) rather than cooperative, horizontal, collaborative, 
and reciprocal (adult-to-adult, human-to-human). The familiar irrational habits 
from our past usually preempt more reasonable adult-to-adult communication and 
block accurate associative reasoning processes, resulting in irrational thought, 
decision-making, and behavior. Parent-to-child-oriented irrational thought 
processes generally inhibit reasonable adult-to-adult communication, and this 
inhibition applies internally when we evaluate our own thoughts and emotions, as 
well as externally when we relate to others. 

The strong tendency of humans to affiliate with groups and gravitate towards 
the familiar appears to impede adaptive change in humans and cultures, pulling 
the entire group backward toward more primitive, inaccurate, concrete ways of 
thinking, decision making, and behaving (Goetz & Shackelford, 2007, p. 13). The 
cultural inaccuracies we learn often contain an accumulation of past superstitious 
beliefs that dictate our behavior and soothe the angst of our limbic system (1.e. our 
emotions). Most cultural information results from implicit grammar and 
accumulates without the benefit of a scientific framework. Because we grow up 
under its influence, we generally fail to acquire the critical skills or awareness to 
assess the validity of our knowledge. Our innate affiliative behavior and inherited 
rigid thinking, coupled with inaccurate information, unfounded assumptions and 
lack of awareness, hinders our progress towards maximizing accurate rational 
thought and behavior, and more harmonious relationships. 


Event-level Accuracy 


Furthermore, it sets us up to “automatically” use outdated, ritualistic, familiar 
information and processes for solving a problem at a given moment, excluding 
new information and shifting us toward the past. Of course, old knowledge often 
has benefits —but if, by using it, we exclude new and possibly pertinent objective 
information, our familiar solutions may fail to adequately resolve problems we 
face in the present or future. We operate in the now as if it were identical to the 
past, creating a cognitive time warp. This rigid event-level distortion contributes 
to our irrational bias, magnified by our rigid, irrational, grammatical software. 
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Conversely, by selecting the most pertinent, accurate, and current information 
available and then processing it with flexible, accurate software, we shift our 
event-level orientation to the present, facilitating the most accurate, best-choice 
best-outcome decisions. More specifically, we then may use our frontal lobe 
executive function and working memory to make the most accurate rational 
choices by flexibly using all available pertinent objective information. In this way, 
we execute decisions in the present and develop plans for the future with a higher 
degree of precision and rational probability. This seems preferable to making 
irrational choices using irrelevant imprecise subjective information from the past, 
and then using the frontal lobes to retroactively justify and rationalize the 
decision. Accurate integration of time and space remains critical for problem 
solving and finding the best solution at any given time (Fuster, 2003, p. 62, 109). 


Accurate Evaluations: Information and Processing 


We would generally expect to achieve the best outcomes if the frontal lobes 
use all of the available timely and pertinent information to make decisions, not 
merely relying on what we learned in the past. This applies especially when we 
use higher-order executive cognition (Diamond, 2002, p. 494-95; Braver & Ruge, 
2006, p. 307) to evaluate and integrate the emotional components of lower-order 
Himbic cognition to differentiate between choices that feel good but may not serve 
our best interest, and choiïces that feel bad but may serve our best interest. Without 
accurate information about the situation at hand, we might decide on a course of 
action simply because it feels good or promises familiar rewards, or because it 
steers us clear of unknown or imagined threats. Furthermore, thinking accurately 
and rationally seems more likely to yield the best results when dealing with strong 
emotions, such as when interacting in bonded intimate relationships and 
affiliations, participating in territoriality and competition for resources, or when 
memories come With a particular emotion from the past that may represent an 
irrelevant concern of the present (Heïlman, 1997, p. 135). Conversely, research 
shows that hormones (CRF) generated under stress tend to attenuate higher-order 
prefrontal cortex functioning, possibly shifting our thought processes towards 
lower level limbic and automatic implicit cognition. Therefore, we would 
probably benefit from applying the knowledge that rational higher-order cognitive 
functioning can preempt or minimize emotional stress and make a significant 
difference in outcomes. Cognitive therapies focus on rationally remodeling the 
grammar of belief systems, including percepts, concepts, and processing, to 
enhance objective awareness, teach stress management and coping skills, help to 
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prevent or relieve depression and anxiety, and improve relationships (Beck, 1976, 
p- 328). 


Benefits of Critical Thinking to Cognitive Accuracy 


Critical thinking skills offer potential benefit for overcoming the 
disadvantages of normative uncritical thinking. Critical thinking encourages the 
adoption of more objective and scientific guiding principles useful for scrutiny of 
semantics, grammar, language, culture, assumptions, cause-effect conclusions, 
and conflict resolution. Critical thinking actually insists on questioning the totality 
of the argument, including the coherence of the argument process itself by 
emphasizing accurate, reliable and transparent evidence from a credible source, 
awareness of motivations and biases, clarity of observation and expression, and 
reliability of premises and assumptions, inferences, and conclusions. With critical 
thinking tools, we can evaluate the tactics used for irrational arguments by 
looking out for false beliefs, distractions, insults, catastrophe, perfect solutions, 
equivocation, appeal to popularity, authority, or emotions, distortions, false 
dilemmas, wishful-thinking, explaining by naming, hasty or glittering generalities, 
irrelevant topics, begging the question, etc. (Kida, 2006; Mclnerny, 2005; Jones, 
1998; Fisher, 2001; Aubyn, 1957). 


Cultural Belief System and Constraints on Accurate Thinking 


Current theory of normal human brain functioning indicates that we have the 
capacity to choose how and what we think, and we have a capacity to adapt to 
new situations by making better choices (Diamond, 2002, p. 494). By choosing 
objective information that is more accurate, and flexibly processing it, we increase 
our chances for determining the most accurate, reasonable, and timely solutions. 
In other words, we have the potential to bias our choices and outcomes flexibly, in 
a more accurate, objective way, incorporating semantic and information accuracy, 
accurate information processing, accurate time-appropriate and context 
appropriate information. Given this, why would we not choose an accurate 
rational bias with the highest degree of flexibility? Unfortunately, the subjective 
characteristics of our implicit grammar, along with personal, social, and cultural 
biases, impede us from understanding and using the very information that could 
enable such a choice (Beck, 1979, p. 13). Dichotomous grammar rigidly provides 
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a potential fail-safe mechanism for perpetuating irrational implicitly learned 
cultural belief systems. 

Because of these inherited belief systems, many humans tend to think they 
must be perfect, unblemished and without flaws, that they must not be flawed and 
fallible. À blemish or a mistake means they are no good, unworthy, or deserving 
of punishment. This absolute rating and labeling blocks recognition of personal 
fallibility, causes poor acceptance of others as fallible human beings, and 
promotes unscientific, culturally biased, arbitrary category classifications. This 
leads to rigid, judgmental, and dogmatic cultural belief systems, bigotry, 
stereotyping, and blind trust, especially blind trust in perceived authority. It also 
promotes vertical hierarchies with authoritarian, parent-to-child, one-way 
communication. 

We often state our opinions as rigid, true-or-false, absolute statements about 
the universe, branding them as factual and either right or wrong. We use culturally 
determined, rigid, dichotomous, authoritarian, imperative, either-or terms, such as 
should, must, have to, and need to, implying that we have no other choices or that 
we are obligated to a certain choice. This cultural binding of shoulds tends to 
reinforce simplistic true-false perceptions, rigidity, and predetermination. Rigid, 
inaccurate, faulty beliefs and assumptions about the cause-effect relationship 
between thoughts, emotions, and behaviors inaccurately absolve us of 
responsibility for our own individual evaluations and decisions. Inaccurate 
definitions and rigid word use, combined with faulty cultural classifications, 
assumptions, generalities and absolutes, impede reasonable thought processes, 
hinder personal responsibility, and undermine accurate communication. 

Grammatically constraining choices by defining them with rigid words and 
absolute concepts limits our cognitive options, especially in a dynamic world with 
many variables in a state of frequent change. We commit both a mathematical and 
a practical error when we arbitrarily restrict the use of multiple, possibly pertinent, 
variables and rigidly subscribe to culturally determined, dichotomous, true or 
false values when calculating choices and their outcomes (Langer, 2000; Langer 
& Piper, 1987; Mclnerny, 2005, p. 94-5). Even though our final choice may be 
binary, starting with the assumption of only prescriptive, non-contextual, binary 
choices imposes needlessly strict constraints. Rigidly held, inaccurate cultural 
belief systems decrease flexibility in our thinking, and limit our ability to develop 
harmonious relationships both as an individual and with others. These 
inaccuracies also perpetuate mind-brain dualism, a worldview that artificially 
separates the mind from the brain and fosters dichotomous, either-or thinking. 
Mind-brain dualism dates back to Plato and Descartes, and persists in many 
subsequent theories and beliefs (Morris & Dolan, 2004, p. 365). A recent study 
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shows this fundamentally inaccurate worldview continues to thrive in the general 
population, ironically even among psychiatrists, psychologists, and mental health 
professionals (Miresco & Kirmayer, 2006). 

Dichotomous bias, and the accompanying cognitive rigidity it fosters, exhibits 
many of the same features as dysexecutive functioning — inability to notice, 
integrate, or appropriately edit internal-external discrepancies in error detection 
and error correction (Braver & Ruge, 2006, p. 321). Rigid bias creates and 
perpetuates ‘“reflexive” responses, similar to innate instinctive behaviors, with 
inflexible stimulus-response paradigms impervious to modification by context or 
experience (Mesulam, 2002 pp. 14-15, 22-26). Frontal lobe injury often interferes 
with divergent thinking, perhaps similar to the results one might expect with rigid 
cognition. Dysexecutive disorders fundamentally limit insight and bias cognition 
toward the use of primitive dichotomous grammar, inflexible behavior, limited 
learning from experience, perseveration, and concreteness (Milner & Petrides, 
1984), appearing similar to primitive, poorly educated, fundamental cultures and 
belief systems. Evaluation of diagnostic categories might also benefit from a 
consideration of objective cognitive accuracy, given the apparent prevalence of 
dysexecutive features associated with many diagnostic categories. Disorders 
attributed to personality characteristics frequently present with dysexecutive 
components and such patients often have a history of developmental adversity and 
possibly other discrete frontal lobe dysfunction as well. 

In addition, substance abuse, anxiety, adjustment disorders, marital discord, 
obesity and eating disorders may demonstrate unacknowledged frontal lobe 
dysfunction, possibly due to subjective classifications and biased, subjective, 
culture-bound heuristic evaluations and treatments (1.e., “we have always done it 
this way.”) For example, consider a culturally biased definition of delusions as 
“false beliefs based on incorrect inference about external reality and firmly 
sustained in spite of the opinion of others or contrary evidence” (DSM). 
Evaluating one person’s sanity by comparing it to the average opinions of others 
hardly sounds objective. How would one separate a delusion from prevalent 
subjective cultural beliefs or widespread superstitions using this definition? A 
dictionary definition seems a bit more clear, “a false belief or opinion resistant to 
reason or confrontation with actual fact” (Random House, 1997); however, this 
still leaves no easy way to distinguish delusions from opinions that differ from a 
culturally subjective, but factually invalid, consensus opinion. It seems that what 
many people call facts, i.e., beliefs and subjective knowledge, actually serve as 
subjective grammatical reference points that vary from culture to culture without 
regard for objective accuracy. How do we distinguish the “cultural facts”, 1.e., the 
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imagined certainties of static subjective beliefs, from observed, uncertain, 
probabilistic, dynamic, scientific facts? 


Reference Points for Cognitive Accuracy and Rational Bias 


Life unfolds as a series of choices and outcomes. We would like to predict the 
outcome of a particular choice with some degree of certainty, but doing so 
depends on understanding the many variables in our ever-changing, dynamic 
world. It seems important in this complicated dynamic environment, to accurately 
assess probable outcomes using flexible, multivariate thought processing and to 
adequately evaluate our many choices and desired consequences, increasing our 
contextual response to a given situation. This enhances our overall adaptability. 
“Choices can be rational or they can be the outcome of irrational processes” 
(Benjafield, 2007, p.4). A deliberate bias towards rationality tends to enhance our 
overall accuracy. A rational dynamic bias favors more effective decision-making 
and increases the probability of more reasonable outcomes. On the other hand, an 
irrational static bias tends to decrease overall accuracy, leading to irrational 
decision-making with fewer reasonable choices and fewer objective outcomes. 
The standards for measuring accurate and rational cognitive bias arise in part from 
the following assumptions: 


e  Acceptance of human imperfection enhances information and process 
accuracy. We can accurately characterize humans as flawed and fallible. 
Accepting our own flaws and fallibilities encourages us to accept others 
as human beings, albeit with flaws. This acceptance promotes horizontal, 
human-human, adult-adult collateral communication. It also reduces 
inaccurate, absolute, dichotomous, or culturally biased classifications, 
ratings, and labeling, because we do not believe that any person is all bad 
or all good. It seems much more reasonable to rate the behavior rather 
than the person. Rational human acceptance minimizes inaccurate 
judgmental categories and cultural bigotry while promoting realistic 
scientific belief systems and healthy skepticism. 

e  Flexibility enhances information and process accuracy. Flexibility 
generally works better than rigidity for the most accurate planning, 
problem solving, and compromising in a dynamic world. Rigid, 
dichotomous, culturally determined terms like should, must, have to, got 
to, and need to, restrict options and diversity, while multivariate, 
preferential terms, such as Z would prefer, I would rather, and to me, this 
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seems best, multiply the diversity of possible choices and acceptable 
rational outcomes. Opinions and preferences replace absolute 
declarations of right and wrong. Generalities stated as assumptions or 
deductions represent a higher level of accuracy than generalities 
misrepresented as true or false facts when they actually represent 
subjective beliefs. Such generalizations amplify inaccuracies. Moreover, 
we improve the precision of our thought processes, decisions, and 
communications by using the most accurate word definitions, making 
specific rather than vague statements, using multivariate spectra or 
gradients for evaluations and revaluations, and avoiding faulty cause- 
effect conclusions (Browne & Keeley, 2007, p. 147). 

e  Awareness of the relationship between thoughts and emotions enhances 
information, process, and event-level accuracy. Normally, cognition has 
a significant causal relationship with our feelings, and realizing this 
enhances accurate assessment of individual responsibility for thoughts, 
feelings, and behaviors. Our thoughts, or the rules behind our thoughts, 
cause or significantly influence our feelings whether we recognize the 
connection or not. Awareness of this relationship enables us to choose the 
healthiest and most rational thoughts in order to maximize our emotional 
and behavioral balance at a given time. Although we might initially react 
to the situation itself, we largely generate and sustain our emotional 
reactions to events by what we think or “believe” about them (Ochsner, 
2006, p. 245-50). We tend to sustain the emotion long afterwards through 
the action of implicit internal rules and appraisal habits that affect us 
almost continuously, generally without our awareness or deliberate 
direction. As Epictetus wrote in the Enchiridion in the first century, 
“People are disturbed not by things, but by the views which they take of 
them” (Ellis & Harper, 1997, p. 39). 


Cognitive Awareness 


Becoming aware of our internal narratives, rules and beliefs about the world 
and events gives us some understanding of the effect we have on our own 
individual state and, with that understanding, the ability to objectively moderate 
our reactions. When something unexpected happens, we often tell ourselves 
inaccurate, irrational, and overly negative things about the situation, needlessly 
upsetting and stressing ourselves about it. If instead we insightfully choose to 
describe the situation as accurately as possible, we can respond with the most 
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appropriate behavior and most reasonable emotion. “Why must you upset your 
self?” (Albert Ellis, attributed). We do not have to upset ourselves needlessly or 
act irresponsibly on irrational thoughts. We improve our individual accountability 
when we take responsibility for our thoughts and how those thoughts affect our 
feelings and behaviors. We each have responsibility for managing our own 
cognitive accuracy, including our individual responsibility for our thoughts, 
emotions, and behaviors. This enhances reasonable behavior and harmony 
between humans (Gemba, 2002, p. 146). 

Emotional disturbance, in sum, usually stems from your Irrational Beliefs. 
You can uncover the basic unrealistic ideas with which you disturb yourself; see 
clearly how misleading these ideas are; and, on the basis of better information and 
clearer thinking, change the Beliefs behind your disturbance (Ellis & Harper, 
1997, p. 69). 

An orientation towards cognitive accuracy encourages active, objective 
thinking in the present with proactive, forward-looking, active, event-level 
evaluations; adaptability; continuous quality improvement; and positive 
reinforcement and recognition of the importance of rational thought processes. 
The complexity of life magnifies the importance of thinking accurately. 
Acceptance of human imperfection, bias towards flexibility, and individual 
responsibility enhance the accuracy and quality of our cognition and increase the 
probability of achieving the most reasonable (1.e., best) outcomes. This improved 
quality of accurate thought promotes more harmonious interactions within and 
between individuals. It also promotes awareness of the benefits of thinking and 
acting rationally, completing the circle: 

It is not the strongest of the species that survive, nor the most intelligent, but 
the one most responsive to change (Commonly attributed to Charles Darwin, 
biologist). 


Correcting Irrational Biases 


However, how can we learn these new skills if, throughout our development, 
we see few examples of critical thinking and adults fail to teach us to think more 
logically? How do we improve our cognitive accuracy when we receive little or 
no foundation for rational or logical information templates in our memory storage 
areas to build on? Finally, how can we use our acquired, almost “fail safe,” 
irrational, rigid, dichotomous thought processes to learn how to think rationally 
and make choices that are more rational? 
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Fortunately, we have the capacity to replace inaccurate, irrational thinking 
habits with newer, more accurate, rational associative thought processes. It takes 
effort and practice to learn and use new concepts and retool our brain library and 
dictionary (Lieberman, 2006, p. 201) with new information and software. The 
greater the effort (1.e., the more often and harder we practice), the sooner we can 
replace our habitual, inaccurate, irrational thinking with the new objective skill of 
accurate rational thinking. This objective shift in the way we think uses higher- 
level, multivariate, associative reasoning instead of rigid, black-and-white, either- 
or cognition to evaluate choices and outcomes. Rational associative reasoning 
tends to maximize accurate executive cognition and decision-making. This 
increased accuracy contributes directly to thinking more rationally with more 
reasonable outcomes, because our higher-level executive functioning has the 
utility of the “last word.” 


Implications of Irrational Bias 


“Our present problems cannot be solved at the level of thinking at which they 
were created” (Albert Einstein, attributed). 


When applied to decision-making, rigid, irrational biases tend to employ a 
floating reference point; in contrast, biases that are more flexible and rational tend 
to operate from a stable reference point. How can we explain this seeming 
paradox? Understanding it depends on the perspective of the observer. An 
observer using the same irrational biases, grammar, terms, and definitions used to 
construct the irrational reference point will find this conundrum baffling. As 
previously stated, humans rigidly cling to their cultural belief systems, no matter 
how subjectively antiquated or irrelevant. These belief systems take hold during 
early learning, along with the related dominance characteristics of parent-child 
interactions and obedience to authority (Milgram, 2004, pp.114-5, 136-47). We 
learn, whether directly or indirectly, that good is rewarded and bad is punished, 
that right is rewarded and wrong is punished, and that parents know what is right 
and what is wrong. The problem arises when we apply these static dichotomous 
grammatical constructs to the complexity of the dynamic variables of the world 
we live in. Humans tend to perceive the rules for decision making in hierarchal, 
dichotomous and absolutistic terms: is, is not, black, white, should, must, have to, 
ought to, etc. You must do that or you will be punished. This creates a problem 
when the must of today becomes the must not of tomorrow because some variable 
or context has changed. 
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Reference Point Drift 


This dichotomous grammar then leads to retrospective judging, faultfinding, 
blaming, and punishing. You should not have done that! This rationale might 
work if we had a means of predicting the future in our dynamic environment; 
given that we do not, we look for another mechanism to explain the unwelcome 
outcome. To resolve the apparent discrepancies with reality, we simply move our 
reference point: We redefine success or modify our recollection of errors to cast 
the current outcome in a better light (Schlacter, 2001, p. 151). By moving the 
reference point, we can always be right, always be above average, and never make 
a mistake. We simply move the reference point to under-value others or over- 
value ourselves, and this creates the irrational but comforting experience of ‘self- 
esteem.” We perhaps learn this skill in childhood when governed by the multiple, 
subjective, and inconsistent reference points of parents, teachers, neighbors, 
friends, celebrities, etc. 

We also learn to easily construct subjectively biased, over-generalized groups 
and classes and use them to denigrate and subjugate others at will. We can easily 
over-generalize or under-define representative classifications and prove most any 
point using imprecise labels. We can round up or down at will. We have our 
choice of measuring instruments and usually tend to choose the yardstick that 
casts us in the most favorable light, with little thought about accuracy. Since each 
individual chooses their own rules from their own frame of reference, we can use 
one rule to justify and a different rule to vilify any one experience to suit our own 
beliefs and goals (Kida, 2006, p. 78), thereby potentially artificially elevating self- 
esteem. This works well for confirmation bias (Kida, 2006, p. 160). 

Social cognitive neuroscience has demonstrated that when humans see others 
as humans, they tend to moderate their prejudices (Mitchell et al., 2006) and that 
positive experiences with others can erase learned cultural stereotypes (Phelps & 
LaBar, 2006, p. 440). Milligan found that when volunteer experimenters, under 
commands of authority, viewed experimental subjects as “unworthy persons” 
rather than humans, their willingness to punish them increased (Milligan, 2004, p. 
161). In another study, volunteer experimenters punished subjects less when the 
experimenter was in closer proximity to subjects (Milligan, 2004, pp. 37). This 
suggests that subjective human labeling contributes to prejudice and punishment 
by making others less than human. When we remove the subjective labels and see 
others objectively as humans, like us, we can acknowledge that we belong to the 
same class, Homo sapiens. We may not approve of certain behaviors in others but 
we have the option of labeling the behavior rather than the person. 


124 Charles E. Bailey 





Humans often blame others for their own thoughts, emotions, and behaviors. 
Since we fear being wrong, we simply decide that someone else made us think, 
feel, or behave a certain way. We shift the blame to a scapegoat. They are at fault. 
They are to blame. Simply by adjusting the reference point, we easily pass along 
the blame and judge ourselves not guilty. This approach may succeed in 
bolstering the “self-esteem” of the blamer, but usually at the expense of anger or 
guilt of the blamed, due to their resentment or internally demoted self-esteem. 
This can have disastrous effects on long-term relationships. 


Irrationality of Self-Esteem versus Rational Acceptance of Human 
Imperfection 


Unfortunately, self-esteem represents an authoritative artifact of irrational 
cultural constructs that depend on dichotomous judgments of right and wrong, 
perfect and imperfect, and other culturally defined, rigid, subordinate subjective 
values (Milligan, 2004, p. 147). A stable reference point based on cognitive 
accuracy uses a consistent spectrum to gauge behavioral achievement, 
performance, and error, in effect giving us standards that provide a more rational 
reality for testing outcomes, while avoiding statements about individual worth. 
With a rational bias, we accept that a certain rate of failure is inevitable; this 
minimizes the motivation to “fix” our mistakes by justifying, rationalizing, or 
blaming others. This, in turn, helps us resist the temptation to float the mean or 
tweak the reference point to make our decisions appear more above average or 
always correct. We can freely admit our error and concentrate on improvement. 

Acceptance of human imperfection tends to be a more objective and workable 
construct than self-esteem (Ellis, 2005) because it starts with reality, the rational 
assertion that human beings have flaws and make fallible decisions, and therefore 
err on occasion. If we embrace human fallibility and the uncertainty of our 
choices, we do not suffer an intolerable shock when we fail, and we do not find it 
necessary to change history or redefine our success and achievements to feel 
happy. However, even if we rationally accept the premise that we will rarely 
predict the future with 100% accuracy, we still face a potential challenge from the 
parts of our brain that store and apply our cultural beliefs and irrational biases. As 
the gatekeeper of the limbic system, in charge of safety, the amygdala appears to 
continue to preferentially reward the perceived certainty of familiar choices to 
such an extent that we still routinely choose against our own best interests. We 
even chisel our principles and beliefs in stone and refuse to admit to any degree of 
error. This mollifies the amygdala, when operating on irrational beliefs with black 
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and white rigidity in a mostly gray world. Then, instead of rationally evaluating 
and predicting the future, we habitually use our exceptional frontal lobes to 
rationalize the past. We make up after-the-fact explanations and excuses to justify 
the errors of our behaviors, refute reality, or recast history according to our own 
wishes while magically preserving our self-esteem. Fortunately, the amygdala 
responds to cognitive control (Phelps, 2004, p. 1013). Cognitive and rational 
therapies temper the irrational anxiety of the amygdala by providing education in 
objectivity and competent rational strategies. 

Our human tendency to rationalize and justify may come from our 
evolutionary roots. As our primitive semantics, grammar, and language arose 
from symbolic grunts, gestures, and facial expressions to form the earliest 
beginnings of more formal communication, we began to use words to label 
objects and actions (rock..not rock, bad..not bad). From this, dichotomous 
grammar evolved. This may have worked well in primitive cultures to improve 
group adaptation to the environment, using dominance, punishment, reward for 
accomplishments, and faulty interpretation of coincidences extrapolated to 
causation. The veridical nature of black and white, dichotomous grammar 
increases the probability of error in the mostly gray and ever-changing dynamic 
world we live in. Ironically, these increased errors of dichotomous cognition also 
increase deviation from the mean, along with increased variability in dichotomous 
rule adherence. These errors and deviations cause internal-external evaluation 
discordance. The easiest irrational corrective solution involves generating 
explanations for these dissonant discrepancies in the form of irrational beliefs, 
heuristics, and their accompanying biases. 

In early primitive cultures that lacked scientific knowledge, language arose 
out of reasonable attempts to label objects and understand relationships between 
humans and the environment initially using nouns (objects) and verbs (action). 
Since nouns, verbs, and language predated writing, we might reasonably assume 
they sustained an early narrative historical record and that progress in objective 
knowledge made it increasingly more difficult to explain away uneducated, 
unscientific beliefs, faulty labeling, and transfer of fault and blame to others. 
However, heuristics may have evolved as a form of mental shortcuts that were 
then extrapolated to justifications for irrational beliefs, thoughts, and behavior. 
Heuristics represent easily stated and applied “rules of thumb” that develop as a 
part of most cultural belief systems. While they generally purport to convey 
compact bits of wisdom, they more often embody cognitive and verbal tools for 
evading reality. They enable humans to correct errors by explaining them away, 
by generalizing, justifying, dignifying, signifying, rationalizing, blaming, 
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bullying, revising, labeling, etc. We can then resort to the prefabrication of even 
more preposterous irrational rules somewhat akin to confabulation. 

With irrational, dichotomous grammar, humans can create a scorecard, noting 
their own successes and ignoring their own errors, while tracking the errors of 
others and ignoring their successes. This allows us to maintain a perception of 
“self-esteem,” and remain above the mean, above average and perfect. Heuristics 
and irrational beliefs make it easier to evaluate internal-external errors and error 
corrections from our own frame of reference. Unfortunately, dichotomous 
grammar increases errors and decreases error detection, whether we can explain 
them away or not. Objective multivariate grammar generally makes more efficient 
use of the limited storage space afforded to humans (Nowak, 2006, pp. 249-86) 
than irrational grammar can. Rational multivariate grammar seems to offer 
increased accuracy without the convoluted perturbations usually required to 
correct for errors after the fact under subjective dichotomous grammar. It would 
seem plausible then that rational, multivariate grammar and acceptance of human 
imperfection offers a more efficient and a more reasonable construct than 
irrational grammar and self-esteem. 


DISCUSSION, CONCLUSIONS, AND CONSIDERATIONS 


We have the resources to counter these mostly culturally determined irrational 
and inaccurate grammatical habits by diligent pursuit of accurate cognition, even 
in the face of doubt and uncertainty. We can retrain the brain to value rational, 
probabilistic outcomes, accept human imperfection in place of self-esteem, and 
use accurate information and processing to make decisions about current 
situations. Each of these practices can eventually enable us to use the processing 
capabilities of our new brain to direct the older, survival-oriented brain structures 
(MacLean, 1990; Milgram, 2004) toward more rational pursuits. We can then 
focus on achieving objective improvement and obtaining better outcomes for the 
future (Panksepp, 1998, p. 260). This suggests that establishing reference points 
for cognitive accuracy may provide a naturalistic rational framework for future 
research that will demonstrate an ecologically valid unifying theory for brain and 
behavior in Homo sapiens. Cognitive accuracy appears to represent an evolution- 
friendly multivariate grammar that might impart greater homeostatic benefits. 
Objective multivariate grammar meets requirements for simplicity (Occam’s 
razor), and seems to offer a more efficient homeostatic mechanism, possibly 
minimizing the liabilities incurred by the inherent inaccuracies of subjective 
dichotomous grammar. Thus, cognitive accuracy may provide useful fundamental 
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principles for establishing a scientific reference point for the evaluation of rational 
behaviors, choices, and consequences. A potential scientific method based on 
cognitive accuracy includes three fundamental principles: 


e information accuracy: seeking and using objective information based on 
empirical observation; premise, deduction, conclusions, and testing 

e thought process accuracy: making evaluations and decisions flexibly with 
critical thinking, multivariate terminology, and awareness of individual 
responsibility 

e  event-level accuracy: connecting and verifying both information and 
decisions in a time- and context-dependent manner to increase the 
relative probability of more accurate predictions of rational outcomes 
(Bailey, 2007, in press; Bailey, 2006) 


Each component helps to ensure reliable cognitive functioning. Event-level 
accuracy is especially important for maximizing context specificity by accurately 
integrating cognition (information and information processing), and behavior at a 
given moment and place. This identifies, acknowledges, and “preserves an 
independent reality” (Minkowski, 1952, p. 76). 

The next shift in human primate cognitive evolution could potentially consist 
of the implementation and integration of cognitive accuracy into all major areas of 
scientific study, thereby fostering individual and cultural acceptance and direct 
application. If so, then thinking more flexibly, accepting uncertainty, and living 
rationally in the present may become the norm instead of the exception. 
Increasing our degree of accurate, rational thinking would appear to enhance our 
prospects for living rationally in the present and planning for a more reasonable 
and likely future. As accurate, rational thoughts and behaviors increase, irrational 
thoughts and behaviors tend to decrease. Thinking reasonably and rationally relies 
on the accuracy of higher-order executive functioning, with the potential to 
transport humankind to a more human and humane future (Hendelman, 2006, p. 
238). 

Accurate, rational thinking increases flexibility and tends to maximize 
appropriate choices, enhancing achievement of preferred outcomes while 
minimizing undesirable irrational outcomes, without the liabilities of irrational 
cognition (Fine, 2006, p. 208). Fortunately, we have the ability to replace 
inaccurate, irrational, parental, absolute thinking by learning and practicing new 
habits of accurate, flexible, rational, and reasonable logical critical thinking, thus 
improving overall adaptability. We have these rational tools available, but they 
often go unrecognized, overlooked, or even belittled (Jones, 1998, pp. 6-7). 
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Ideally, we will achieve this accurate, rational, cognitive evolutionary step before 
we trigger an irrationally induced catastrophe with our current habits of rigidity, 
disharmony, self-loathing, and aggression (Beck, 1999). 

Science has understood the negative effects of subjective cultural beliefs on 
the evaluation of objective knowledge for some time. How we measure something 
in large part defines what we measure. “What you get from a measurement 
depends on what you choose to measure” (Lindley, 2007, p. 155). We tend to 
calibrate our personal yardsticks to the culture in which we find ourselves. Such a 
yardstick measures only what that culture values. Each culture’s yardstick shows 
normal, despite large differences between the beliefs and behaviors of various 
cultures. This potentially leaves us prey to the accumulated inaccuracies of our 
forebears. 

Cognitive accuracy represents a reference point biased toward objective 
cognitive accuracy in order to measure human thought and behavior across 
cultures. This reference point does not change as you go from one culture to the 
next, theoretically transcending the inaccuracies of cultural belief systems. 
Cultures may change, but the yardstick remains the same, unless and until 
scientific advances using cognitive accuracy indicate beneficial objective 
adjustments. For accurate evaluations, we do best to calibrate our cognitive 
yardstick with the most accurate, timeliest information, applied consistently and 
rationally in the present. 

This article has reviewed the intimate connection between semantics, 
grammar, cognition, and the functioning of various brain structures, and posited 
an equally intimate association between semantics, grammar, cognition, emotion, 
and behavior. These associations suggest an explanation for the persistence of 
subjective cultural belief systems and their inherent deficiencies in objectivity, 
accuracy, and flexibility. Can we accept the premise that objective, timely, 
accurate processing and accurate information usage might efficiently yield more 
satisfactory and reasonable results than rigid automatic responses based on 
inherited imprecise beliefs? If so, it would seem beneficial to society for science 
to orient new research to incorporate the psychological value of objective relative 
belief systems, using scientific insights from cognitive neuroscience, 
anthropology to zoology, ethology to neuropsychology, cognitive behavioral 
science to neuroeconomics, affective neuroscience, evolutionary dynamics etc., 
along with the tools of cognitive accuracy. 

Cumulative prospect theories and neuroeconomics (Kahneman & Tversky, 
1992; Glimcher et al., 2005) suggest that humans weigh the relative probabilities 
of achieving a particular outcome along an economic gradient of values that 
influence cognition, emotions, and behavior. Our tendency to seek reward and 
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familiarity and generally avoid risk, uncertainty, and pain, combined with the 
inertia of our acquired cultural belief systems, biases our value analysis and skews 
choice-outcome decisions disproportionately in favor of the familiar or the 
presumed socially desirable outcome (Tom et al, 2007). Moreover, cultural 
beliefs are resistant to transformation once established (Panksepp, 1998, p. 245; 
Lane et al., 2000, p. 409), suggesting that whatever adult behavior (including 
cognition) we wish to promote in a society, we will do best to teach during 
childhood development and human maturation (Tse et al, 2007). For many 
generations, parents have raised children to hold the same rigid, unexamined 
beliefs they hold themselves. If we instead model humane treatment of others as 
humans, flexibly apply objective critical thinking, and demonstrate reasonable 
behavior for our children, we have some hope they will instead value cognitive 
accuracy as adults. Luria, many years ago, found evidence that early education 
can teach children the ability to use logical thought (Luria, 1981, p. 209). This 
suggests that exposure to and education in higher-level logical reasoning, 
throughout development, could enhance rational cognition and behavior. 

Once a sufficient number of adults acquire the skills and habit of cognitive 
accuracy, their interactions with children would likely pass on fewer faulty beliefs 
and thought processes. Importantly, at an early age, children raised by these adults 
would have the opportunity to learn to develop and extend their cognitive 
accuracy. As adults, they would have more skills for applying cognitive accuracy 
to address and resolve problems with competent critical thinking, emotional 
balance, and reasonable behaviors. This would enable each successive generation 
to build on the successes of their parents, rationally living in the present 
(Korzybski, 1958, p. 231). 

Science, by virtue of its central methodology (Browne & Keeley, 2007, p. 
119), speaks for the value of accurate, rational, logical objective reasoning and 
critical thinking, and for advocating the teaching of objective rational cognition, 
which can potentially guide society towards increasingly humane thought and 
behavior. Future research on human behavior and neuroscience can contribute to 
this goal by taking into account the interdependence of biology and society. If we 
have the choice to conduct research that grounds our cultural belief systems in 
neuroscience, and it seems we do, while producing more reasonable and 
responsible adults who use cognitive accuracy and rational evaluations to make 
decisions, can we afford not to do so? 

In the final analysis, we have to depend on our rich resources of rationality to 
recognize and modify our irrationality...We can recognize that our own interests 
are best served by applying reason. In this way, we can help to provide a better 
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life for ourselves, others, and the future children of the world, (Beck, 1999, p. 
287). 
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